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Antibacterial Synergism Between the Halogenated Biphenols and 


the Halogenated Aromatic Anilides and Carbanilides' 


D. R. R. E. Casety, W. M. Linrretp, anp L. A. HARRIMAN 


Soap Research Department, Armour Soap Division, Armour and Company, Chicago, Illinois 


Received for publication June 4, 1959 


Numerous antibacterial agents currently are being 
used in toilet soaps to degerm the human skin and by 
so doing, among other things, inhibit the development 
of objectionable perspiration odor. For the most part, 
these chemicals have been members of a series of halo- 
genated bisphenols of which hexachlorophene (2,2’- 
methylenebis(3 ,4 ,6-trichlorophenol)) (Gump, 1941) and 
bithionol (2 ,2’-thiobis(4 ,6-dichlorophenol)) (Shumard 
et al., 1953) are prominent examples. More recently 
however, other agents such as TCC (3,4,4’-trichloro- 
carbanilide) (Roman et al., 1957) and the halogenated 
salicylanilides, represented by Anobial (2-hydroxy-5- 
chlorobenzoic acid 3’ ,4’-dichloroanilide) (Firmenich 
and Cie., 1954), have also been utilized as bacteriostats 
in various brands of toilet soaps. All of these are highly 
active in soap, inhibiting Staphylococcus aureus, a com- 
mon skin organism, in concentrations as low as 0.2 to 
0.5 ppm, zn vitro. 

A variety of other antibacterial agents have at one 
time or another been proposed for use or used in soap. 
These, to mention a few, were TMTD (tetramethyl- 
thiuramdisulfide) (Vinson, 1954), phenols (Hartung, 
1941), mercury compounds (Schoeller and Schrauth, 
1910), sulfur (Hojka, 1938), sulfonamides (SICE, 1947) 
and even antibiotics (American Cyanamid Company, 
1956). None of these has had a great deal of success 
owing to toxicity factors, disagreeable odors, or dis- 
colorations in the soap bar, although some may have 
exhibited antibacterial properties. 

With the synthesis of the halogenated bisphenol, 
hexachlorophene, by Gump (1941) there became avail- 
able an effective soap-active antibacterial agent. Traub 
et al. (1944), using the serial basin handwashing tech- 
nique, established that a reduction of the bacterial 
flora of the skin of more than 90 per cent was obtained 
through the use of hexachlorophene soap. This finding 
has been widely confirmed by other investigators. The 
accomplishment of a low bacterial skin flora was a great 
aid to surgeons and to sanitarians in the prevention of 
the transfer of pathogenic organisms through hand 
contact (Seastone, 1947; Udinsky, 1945). 

In 1953, Gould and Bosniak, of the Massachusetts 
Institute of Technology, reported a potentiating action 


1 Presented at the 59th General Meeting of the Society of 
American Bacteriologists, St. Louis, Missouri, May 10 to 14, 
1959. 


of hexachlorophene by the use of a relatively inactive 
unhalogenated bisphenol. These workers, using enzyme 
inhibition experiments measuring oxygen uptake as the 
criterion of biological activity, concluded that both 
hexachlorophene and the unhalogenated bisphenol 
competed for the same enzyme system of the bacterial 
cell. In combination with hexachlorophene, therefore, 
the bisphenol exerted a sparing action, leaving the more 
highly active hexachlorophene to act more effectively 
on other cell enzymes. This effect was described as 
greater than the combined additive effect of the in- 
dividual agents, or a synergistic effect. Bacterial in- 
hibition tests by the authors with combinations of 
hexachlorophene and the unhalogenated bisphenol did 
not establish synergistic activity between the two 


TABLE 1 


Bacteriostats tested for synergistic combinations and 
the media employed 


Bacteriostats 

A 2-Hydroxy-5-chlorobenzoic acid 3’,4’-dichloro- 
anilide (Anobial)* 

AA 2-Hydroxy-5-chlorobenzoic acid 4’-chloroanilide 

B 2,2’-Thiobis(4,6-dichlorophenol) (bithionol) 

2,2’-Methylenebis (4-chlorophenol) (dichloro- 
phene) 

G-5t 2,2’-Methylenebis(4,6-dichlorophenol) 
chlorophene) 

G-11f 2,2’-Methylenebis(3,4,6-trichlorophenol) (hexa- 
chlorophene) 

G-11-Sf | 2,2’-Thiobis(3,4,6-trichlorophenol) 

S-1f 2, 2’-Thiobis (4-chloro-6-methylphenol) 

T§ 3,4,4’-Trichlorocarbanilide 

TA § 3,3’,4-Trichlorocarbanilide 


Media 


1. Neutral white toilet soap base composed of 20 per cent so- 
dium coconut oil soap and 80 per cent sodium tallow soap 

2. Nonionic syndet Energetic W-100§ (ethoxylated nonyl- 
phenol) 

3. Anionic syndet (sodium dodecylbenzene sulfonate) 


* Registered trademark of Firmenich and Company, New 
York, New York. 

+ Registered trademarks of the Sindar Corp., New York, 
New York. 

t Registered trademark of Norda Inc., New York, New York. 

§ Monsanto Chemical Co., St. Louis, Missouri. 

{ Registered trademark of Armour and Company, Chicago, 
Illinois. 
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agents in inhibiting growth of the bacterial cell by 
either in vitro or in vivo (handwashing tests) methods. 

The concept of synergistic antibacterial activity be- 
tween the halogenated bisphenols and highly active 
agents such as the antibiotics, however, has been dem- 
onstrated by several workers. Thus Florestano et al. 
(1956) claim potentiated activity for combinations of 
bithionol and tyrothricin. Craige and Kleckner (1949) 
have found synergism to exist for combinations of di- 
chlorophene and tyrothricin. Synergism among the 
antibiotics themselves has been established by a num- 
ber of investigators (Gunnison et al., 1955; Manten, 
1956) and such potentiated activity is today universally 
utilized to achieve excellent therapeutic results. Syner- 
gistic biocidal properties for combinations of substituted 
carbanilide complexes have also been shown (Cuckler 
et al., 1955). 

It is the purpose of this paper to describe the existence 
of synergistic antibacterial activity between the halo- 
genated bisphenols and the halogenated aromatic 
anilides and carbanilides. 


EXPERIMENTAL METHODS 


In pursuing this investigation, hexachlorophene and 
other halogenated bisphenols were combined with vari- 
ous chemicals of greater antibacterial activity than the 
unhalogenated bisphenols, and the additive, antago- 
nistic, or synergistic properties of the combinations 
determined. After preliminary screening in the presence 
of soap, it was decided also to employ the combinations 
in both aqueous suspension and in other types of carry- 
ing agents, such as nonionic and anionic syndets. This 
would determine whether synergistic activity was dem- 
onstrated by the chemicals per se as in aqueous sus- 
pension, or whether the synergism was in some way 
potentiated by the vehicle in which the agents were 
carried. Some of the bacteriostats selected for testing, 
and the media in which they were employed, are given 
in table 1. 

Antibacterial test procedure. The individual chemicals 
and 50:50 ratios of combinations of these chemicals 
were incorporated into soap, nonionic, and anionic 
detergents at a level of 1.0 per cent. With water as the 
carrier, suspensions of the agents were prepared at 
concentrations of 1 ppm. ; 

The soap consisted of a neutral white toilet soap 
base made from 20 per cent sodium coconut oil soap 
and 80 per cent sodium tallow soap, as is typical for 
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fine toilet bars. The nonionic syndet employed was an 
ethoxylated nonylphenol (Energetic W-100).2 Sodium 
dodecylbenzene sulfonate constituted the non-soap 
anionic syndet. 

Aliquot amounts of both the individual bacteriostats 
and their combinations in the various media were 
thoroughly dispersed into measured amounts of liquid 
nutrient agar at concentrations of 0.1, 0.2, and 0.4 
ppm. Previous screening of these agents had indicated 
that inhibition of growth of the test organism S. aureus 
strain FDA no. 209 occurred with the most active of 
these agents within this concentration range. 

Plates then were poured, allowed to solidify, and 
streaked with a 24-hr broth culture of S. aureus. After 
incubation for 24 hr at 37 C, the amount of growth 
appearing was rated heavy, light, and none. The results 
represented graphically in figures 1 through 8 are the 
average result of three separate tests. 


RESULTS AND DISCUSSION 


The term synergism as used in this paper requires 
that the combination of two chemicals must have a 
greater inhibitory effect on the test organism than either 
agent acting alone at the same total weight concentra- 
tion. 

3,4,4’-Trichlorocarbanilide (T) and 3 ,3’ ,4-trichloro- 
carbanilide (TA) both show synergistic action when 
combined with hexachlorophene (G-11), the sulfur 
analog of hexachlorophene (G-11-S), tetrachlorophene 
(G-5), bithionol (B), and 2,2’-thiobis(4-chloro ,6- 
methylphenol) (S-1) (figures 1 to 4). 

2-Hydroxy-5-chlorobenzoic acid 3’ ,4’-dichloroanilide 
(A) and 2-hydroxy-5-chlorobenzoic acid 4'-chloro- 
anilide (AA) both cooperate synergistically with hexa- 
chlorophene (G-11), the sulfur analog of hexachloro- 
phene (G-11-S), tetrachlorophene (G-5), and bithionol 
(B) (figures 5 to 8). 

Synergism was not exhibited between either 3 ,4,4’- 
trichlorocarbanilide (T) or 3,3’ ,4-trichlorocarbanilide 
(TA) with dichlorophene (G-4) (figures 1 to 4). Simi- 
larly, no synergism was found to exist for either 2-hy- 
droxy-5-chlorobenzoie acid 3’ ,4’-dichloroanilide (A) or 
2-hydroxy-5-chlorobenzoic acid 4’-chloroanilide (AA) 
with dichlorophene (G-4) (figures 5 to 8), or with 2,2’- 
thiobis(4-chloro-6-methylphenol) (S-1) (figures 5 to 8). 
This indicates that synergism is a highly specific prop- 
erty, and that slight changes in molecular structure 


2 Armour and Company, Chicago, Illinois. 


Figures 1 to 8. Inhibition of Staphylococcus aureus on agar plates. Figures 1 and 5, bacteriostats introduced in water suspension. 
Figures 2 and 6, bacteriostats introduced in soap suspension. Figures 3 and 7, bacteriostats in nonionic detergent solution. Figures 
4 and 8, bacteriostats introduced in synthetic anionic detergent suspension. 

Code for figures 1 to 8: A = 2-Hydroxy-5-chlorobenzoic acid 3’, 4’-dichloroanilide. (Anobial*); AA = 2-Hydroxy-5-chlorobenzoic 
acid 4’-chloroanilide; B = 2,2’-Thiobis(4,6-dichlorophenol) (bithionol); G-4* = 2,2’-Methylenebis(4-chlorophenol) (dichlor- 


ophene); G-5* =  2,2’-Methylenebis(4,6-dichlorophenol) 


(tetrachlorophene); G-11* = 


2,2’-Methylenebis (3,4, 6-trichloro- 


phenol) (hexachlorophene) ; G-11-S* = 2,2’-Thiobis(3,4,6-trichlorophenol); S-1* = 2,2’-Thiobis(4-chloro-6-methylphenol); T = 
3,4,4’-Trichlorocarbanilide; TA = 3,3’,4-Trichlorocarbanilide; and UB = p, p’-Isopropylidenediphenol (unhalogenated bisphenol). 
* Registered trademark (see table 1). 
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markedly alter this activity. The well known “lock and 
key” theory of molecular specificity might apply in 
describing this effect. 

The agar streak method of analysis used in these 
tests is regarded as superior to the zone of inhibition 
methods generally employed for testing antibacterial 
activity in vitro. The zone method relies on migration 
of agent through the agar medium and resultant zones 
are thus dependent on the solubility of the chemical, 
as well as its antibacterial activity. Small differences in 
zone size as measured in millimeters cannot always be 
distinguished or effectively reproduced. The agar streak 
method, on the other hand, does not depend on migra- 
tion since both agent and organism are in direct con- 
tact, assuming a uniform mixture. Differences in amount 
of growth on plates as a measure of the antibacterial 
potency of the agent are readily distinguished and can 
be conveniently rated as 1+, 2+, 3+, and so forth 
(light, moderate, and heavy) without counting actual 
bacterial colonies. This test has also been found to be 
highly reproducible. 

Similar synergistic activity has been found, in vivo, 
for the combinations covered in this paper. This work 
is as yet unpublished. 


SUMMARY 


It has been demonstrated that some of the halo- 
genated bisphenols show antibacterial synergism when 
combined with some halogenated aromatic anilides and 
carbanilides by tests in vitro. This synergism was found 
to exist for the chemicals, per se, and to be independent 
of the carrier used, whether water, soap, nonionic or 
anionic (other than soap) synthetic detergent. The most 
active synergism was found for the higher halogenated 
bisphenols, that is, the hexachloro- and _ tetrachloro- 
compounds, with the trichlorocarbanilides and the 
chlorinated salicylanilides. 
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Fermentation glycerol has had a long history of 
investigation but production has never been commer- 
cially successful and the process has only been used on 
an industrial scale in time of war. Both the bisulfite 
steered and the alkaline fermentations will produce 
good yields of glycerol but the recovery of the glycerol 
in the presence of large amounts of salts in the beer 
has been a stumbling block to the industrial use of the 
fermentation. 

A program for the investigation of fermentation glyc- 
erol has been carried on for the past several years at 
the Forest Products Laboratory under the sponsorship 
of the Army Ordnance Department. The investigation 
has followed three main paths: (a) the sodium bisulfite 
steered fermentation, (b) production of yeast mutants, 
and (ce) glycerol production by osmophilic yeasts. 

The work on the sodium bisulfite fermentation and 
glycerol recovery is still in progress. 

The work on the production and testing of yeast 
mutants has been published (Wright et al., 1957). Two 
of the mutants gave considerably more glycerol than the 
parent and one of these grew faster and tolerated 
sulfite better than a standard high-yielding strain of 
Saccharomyces cerevisiae. 

The osmophilic yeasts have been of interest since 
Nickerson and Carrol (1945) reported that Zygosac- 
charomyces acidifaciens produced glycerol in yields up 
to 22 per cent of the sugar fermented along with ethyl 
aleohol, acetic and lactic acids, and carbon dioxide. 
Spencer and Sallans (1956), Spencer and Shu (1957), 
Spencer et al. (1957a, b), and Roxburgh et al. (1956) 
investigated named species of Zygosaccharomyces as well 
as many other strains isolated from honey and other 
natural products. Good yields of glycerol and p-arabitol 
were obtained under suitable conditions from several 
of these yeasts. Most strains produced glycerol and 
p-arabitol but erythritol and mannitol and two uni- 


| This investigation was conducted in cooperation with the 
U.S. Army Ordnance Department. 

2 Present address: Northern Utilization Research and De- 
velopment Division, Agricultural Research Service, U. S. 
Department of Agriculture, Peoria, Illinois. 

3’ Maintained at Madison, Wisconsin, in cooperation with 
the University of Wisconsin. 


dentified polyhydric alcohols were produced by a 
smaller number of isolates. 

Peterson et al. (1958) studied 16 strains of Zygo- 
saccharomyces yeasts representing 11 species for pro- 
duction of polyhydric alcohols. Three of the yeasts, 
Z. nussbaumeri, Z. richteri, and Z. rugosus produced 
outstanding yields of glycerol (35 to 45 per cent) and 
arabitol (30 to 40 per cent) in a 10 per cent glucose 
fermentation. 

The objective of the present work was to find, if 
possible, a yeast strain that would produce glycerol as 
the only high boiling constituent of the beer so that 
recovery problems would not be complicated by other 
high boiling or nonvolatile products. A survey of os- 
mophilic isolates was made in an attempt to find a 
yeast culture meeting these requirements. One yeast 
that looked promising in preliminary tests was selected 
for further study. 


MATERIALS AND METHODS 


Cultures. Yeasts were isolated from fresh pollen, 
brood comb honey, brood comb pollen, and from clover 
heads growing near a bee colony. The carrier material 
was placed in Erlenmeyer flasks containing a 40 per 
cent glucose, 1 per cent yeast extract medium, and 
incubated with shaking at 30 C until good growth had 
taken place. Then the cultures were streaked on 20 
per cent glucose, 1 per cent yeast extract, 2 per cent 
agar plates, and individual colonies were picked from 
these and transferred to stock slants. 

The stock slants were prepared with a medium con- 
sisting of 20 per cent glucose (reagent grade), 1 per 
cent yeast extract (Difco),! 0.1 per cent urea, and 2 
per cent of Difco Bacto-agar. The ability to produce 
polyols is lost to a great extent if the cultures are not 
transferred every 3 or 4 weeks. During this study, stock 
cultures were transferred every 2 weeks. Old cultures 
which had lost their potential for producing polyols 
could be revived by transferring to liquid fermentation 
medium. After 48 to 72 hr growth, stock slants could 
be prepared and used for inocula or preparing fresh 
slants. 

Fermentations. Fermentation media were made up in 


4 Difeo Laboratories, Ine., Detroit, Michigan. 
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approximately 10, 20, and 30 per cent glucose concen- 
tration and 0.5, 1.0, and 1.5 per cent yeast extract, 
respectively. The urea concentration was held at 0.1 
per cent. Departures from these standard media are 
noted in the tables where necessary. The media were 
sterilized by autoclaving at 121 C for 15 min. Since 
urea is known to break down under conditions used in 
autoclaving, analyses were made for total nitrogen and 
urea nitrogen both before and after autoclaving. It was 
found that about one third of the urea was converted 
to ammonium nitrogen whereas the total medium ni- 
trogen remained constant. The pH of the media was 
about 6.2 to 6.4 both before and after sterilization. 

Inocula were prepared by loop transfers from stock 
slants to 50 ml of the 20 per cent medium in 500-ml 
Erlenmeyer flasks. These were incubated at 30 C for 
72 hr on a rotary shaker that describes a 1-in. circle at 
about 250 revolutions per min. 

Two and one-half ml of inoculum were used with 50 
ml of fermentation medium in 500-ml Erlenmeyer 
flasks. These were incubated at 35 C except where 
noted on the rotary shaker. Instead of closing the 
Erlenmeyer flasks with cotton plugs, a double thickness 
of milk filter dises was used to provide a more uniform 
material for gas passage. Analyses were made at 24-hr 
intervals during the fermentation and incubation was 
continued until most of the glucose had been used, but 
not beyond 168 hr. 

Analytical methods. Evaporation during the fermen- 
tation was variable depending to a large extent on 
aeration rate and length of fermentation. Before anal- 
yses were made, the fermentation broth was diluted 
to the original volume. 

The volume of yeast cells was determined by centrifu- 
gation. The supernatant was used for further analyses. 
Glucose was determined by the copper reduction 


TABLE 1 
Products and yields obtained in screening osmophilic yeast 
isolates 

Fermen- Final | Y Final | Ethyl ae Total 

| | % % | % 

I.A 72 4.0 | 11.6 | 0.4 | 11.8 | Trace | 20.1f | 31.9 
I.B 96 3.3 | 12.6 | 0.4|) 7.6] 14.1 0.0 | 21.7 
I;C 72 4.1 | 12.2 | 0.4 | 13.8 | Trace | 19.9f | 34.7 
I; 72 4.5| 5.4] 2.4] 16.6 2.7 | 19.8 | 39.1 
I, 72 4.6 | 5.0] 3.1 | 16.8 2.6 | 16.5 | 35.9 
96 4.6| 5.7 | 0.6 | 12.2 | Trace | 19.3 | 31.5 
Is 144 | 3.1] 8.0/7.7| 1.7| 7.1 | 15.2t | 24.0 
Tu 144 6.2; 6.6/|0.4| 5.1] Trace | 53.3 | 58.4 
lis 72 4.6| 6.9| 0.4 14.4 | Trace | 19.4 | 33.8 
72 3.9 | 14.5 | 0.4 5.5 | Trace | 21.3 | 26.8 
Tes 72 4.5) 7.1/0.4 14.0 | Trace | 19.7 | 33.7 


* Yields based on sugar fermented. Initial glucose, 20 per 
cent. 
t Erythritol. 
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method of Shaffer and Somogyi (1933). Ethanol was 
determined by the Conway microdiffusion method as 
described by Neish (1952). 

The individual polyhydric alcohols were separated 
by paper chromatography as described by Saeman et al, 
(1954) for sugar determinations. The developing solvent 
consisted of butanol, pyridine, and water in a volume 
ratio of 10:3:3, respectively. If glucose and arabitol 
are present, 40 hr are required for developing time, 
whereas 19 hr are adequate if glycerol is the only poly- 
hydric alcohol present. The polyols are eluted from the 
paper and are determined either by periodate oxidation 
(Bradford et al., 1942) or colorimetrically (Desnuelle 
and Naudet, 1945). 


RESULTS 


Survey of cultures. A total of 22 cultures was screened 
for their polyhydric producing ability. The results of the 
screening test for 11 of the cultures are given in table 1. 
All of the isolates, including the 11 cultures not listed in 
table 1, have the common characteristic of producing 
one or more of the polyhydric alcohols although in 
several cases only trace quantities were produced. 
As was to be expected, yeast growth and rate of sugar 
utilization varied widely among the cultures. There was 
a 3-fold variation in yeast growth as measured by cell 
volume. Some of the cultures utilized a 20 per cent 
glucose solution in 72 hr whereas other cultures did not 
utilize this amount of glucose in 144 hr. All of the 
cultures produced ethyl alcohol as one of the products. 
Glycerol was produced by all the cultures but in most 
cases only in trace quantities. The majority of the 
cultures produced p-arabitol. Erythritol was produced 
by a few of the cultures. The cultures of outstanding 
interest in table 1 are I,B, Iu, lA, and I3;C. Culture 
I,B is of interest because glycerol is the only polyhydric 
alcohol produced by it in any quantity and I), is of 
interest because of its outstanding ability to convert 
glucose to arabitol. I.A and I;C are of interest since 
they produce the rare alcohol erythritol. Culture I.B 
was selected for further study because of its glycerol 
producing ability and also because of the absence of 
other polyhydric alcohols in the beer. A transfer of this 
yeast was sent to Dr. Lynferd J. Wickerham, Northern 
Utilization Research and Development Division, Agri- 
cultural Research Service, U. 8. Department of Agri- 
culture, Peoria, Illinois. We are greatly indebted to 
him for identifying this yeast as Torulopsis magnoliae, 
Lodder et Kreger-van Rij. This name together with 
the number I,B will be used through the rest of this 
paper. 

Effect of temperature. The results of a study of the 
effect of temperature on fermentations with culture 
I,B are shown in table 2. A temperature of 42 C is 
obviously too high since yeast growth was small and 
sugar utilization was very slow. Glycerol yield was 
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little affected by a change in temperature from 30 to 
35 C. However, because sugar utilization is considerably 
faster at 35 than at 30 C, 35 C was chosen as the 
standard temperature for this fermentation. It will be 
noted in table 2 that glycerol yields at 35 C were con- 
siderably higher at 48 hr than at 72 hr. This culture is 
able to utilize glycerol quite well so, to obtain maximum 
yields, the fermentation must be stopped as soon as 
the sugar content of the medium is exhausted. 

Effect of yeast extract concentration. The chief ingredi- 
ent in the medium aside from glucose is yeast extract. 
Yeast extract concentrations were varied from 0.125 to 
1.0 per cent as shown in table 3. At the lower levels of 
yeast extract, yeast growth was poor and sugar utili- 
zation was very slow. With 0.125 per cent yeast extract, 
80 per cent of the sugar remained after 72 hr whereas, 
with 0.5 and 1 per cent yeast extract, substantially all 
of the glucose was used in 48 hr. 

Yeast extract concentration has a pronounced effect 
upon the formation of products. High concentrations 
favor alcohol formation with lower glycerol production, 
whereas, at low concentrations of yeast extract, only 
trace amounts of ethyl alcohol are formed. A yeast 
extract concentration of 0.5 per cent was chosen as a 
standard for obtaining optimum yields of glycerol in 
reasonable lengths of time. 

Interrelation of yeast composition and polyol pro- 
duction. Since the concentration of yeast extract in the 
medium had such a profound effect upon the products 
and speed of fermentation, it was of interest to de- 
termine what the effect of these changes in the medium 


TABLE 2 


Effect of temperature on the fermentation of glucose by 
Torulopsis magnoliae I2B 


Temp Yeast 
Volume 
Ohr 24 hr | 48hr | 72hr | 24hr | 48hr | 72 hr 
1% 1% | % 1% | % | % % 
30 11.9:| 82 0.3 | 31.7 | 33.1 | 31.7 
35 6.5 10.0 4.2 | 0.2 0.2 | 29.8 | 36.3 | 20.9 
42 1.6 10.3 | 10.2 | 8.6 7.6 0.0 0.0 | 16.7 


TABLE 3 ' 
Effect of yeast extract concentration upon yield of products by 
Torulopsis magnoliae I,B (medium: 10 per cent glucose, 
0.1 per cent urea; 35 C) 


Fer- 


Yeast Final Glycerol |Glycerol Yield 

“pit | Volume) | Alcohol | Fermented 
% hr % % % % % 

1.0 48 | 3.8/ 8.0 |0.5| 17.3 23.3 24.5 

0.5 48 | 2.9! 6.2 | 0.5 3.0 36.5 38.4 

0.25 72 | 3.9| 4.0 | 4.8 | Trace 22.7 42.4 

0.125 | 72 | 4.9| 2.5 | 8.1 | Trace 8.9 35.8 


had upon the yeast cells, especially with respect to 
their nitrogen content. 

Data are given in table 4 for fermentations made 
with varying concentrations of yeast extract in the 
media. As was expected, the nitrogen content of the 
yeast cells increased as the nitrogen content of the 
media increased. Even at the highest yeast extract 
concentration, however, the nitrogen content of the 
cells was only 6.2 per cent. The cells at all levels of 
yeast extract concentration would be classified as low 
nitrogen yeasts. This is not due to limiting levels of 
nitrogen in the media, since at all nitrogen levels only 
one half to two thirds of the nitrogen originally present 
was removed. Evidently this residual nitrogen is un- 
available to the cells. All of the yeasts decreased in 
nitrogen content as the fermentation progressed. The 
effect of urea on the nitrogen content of the yeast is 
shown in the results at the 0.5 per cent level of yeast 


TABLE 4 


Effect of yeast extract concentration on yield and nitrogen content 
of Torulopsis magnoliae* 


Veunt Fermentation Time 

Extract Analysis 

0 hr 24 hr 72 hr 168 hr 

% 

2.0 | Yeast, dry (mg/ml) 14.7 | 14.7 
Yeast, dry (% N) 6.22 | 5.87 
Medium (% N) 0.195 | 0.09 | 0.08 
Glucose (mg/ml) 109.5 4.5 4.0 
Glycerol (mg/ml) 12:0. | 12:2 
Aleohol (mg/ml) 16.2 8.6 

1.0 | Yeast, dry (mg/ml) 13.6 | 13.6 
Yeast, dry (% N) 5.23 | 4.48 
Medium (% N) 0.130 | 0.05} 0.08 
Glucose (mg/ml) 108.1 25.3 2.6 
Glycerol (mg/ml) 14.7 | 19.3 
Alcohol (mg/ml) 11.7 

0.5 | Yeast, dry (mg/ml) 11.6 | 12.6 
Yeast, dry (% N) 4.89 | 4.27 
Medium (% N) 0.085 | 0.03 | 0.04 
Glucose (mg/ml) 105.6 60.9 2:2 
Glycerol (mg/ml) 13.8 | 37.8 
Aleohol (mg/ml) 4.8 0.2 

0.25 | Yeast, dry (mg/ml) 8.4 9.5 | 10.5 
Yeast, dry (% N) 4.21} 3.86| 3.11 
Medium (% N) 0.065 | 0.02} 0.04) 0.02 
Glucose (mg/ml) 105.2 85.7 | 48.7 2.2 
Glycerol (mg/ml) 11.8 | 22.1 | 34.3 
Alcohol (mg/ml) 0.2 0.1 0.0 

0.5* | Yeast, dry (mg/ml) 8.4 | 10.5 | 10.5 
Yeast, dry (% N) 3.71 | 2.81 | 2.56 
Medium (% N) 0.040 | 0.02 | 0.02 0.02 
Glucose (mg/ml) 106.3 79.2 |} 28.7 1.6 
Glycerol (mg/ml) 10.0 | 21.3 9.5 
Alcohol (mg/ml) 0.5 0.3 0.0 


* Medium contains no urea. 


| | | Glycerol Yield on 
Final Glucose Conc | Sugar Fermented 
| 
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extract. Without urea the cells contained only 3.71 per 
cent N at 24 hr and 2.81 per cent at 72 hr. With urea 
the corresponding figures are 4.89 and 4.27. 

At the 2 per cent level of yeast extract, glycerol 
amounted to only 12 per cent of the glucose whereas 
ethyl alcohol amounted to 16 per cent. Ten per cent 
glucose, however, was consumed in 24 hr. At the 0.25 
per cent level, glycerol accounted for 34 per cent of the 
glucose and the ethyl alcohol yield was negligible. Glu- 
cose utilization, however, was very slow. 

The nitrogen content of the cells appears to be in- 
adequate for explaining the effect on the fermentation 
and indicates more extensive study is needed on the 
relation between the make-up of the yeast cell and its 
metabolic activity. 

Effect of urea concentration. Urea is the third compo- 
nent in the standard medium in addition to glucose and 
yeast extract. The results of a study of the effect of 
urea concentration upon the fermentation are given in 
table 5. Varying the concentration of urea in the 
medium from 0 to 0.2 per cent had little effect upon 
the growth of yeast as measured by yeast volume. The 
yields of ethyl aleohol and glycerol produced in the 
fermentation were essentially constant at all levels of 
urea investigated. The chief effect of adding urea to 
the medium is to increase the rate of fermentation. 
Thus, with no urea in the medium, considerable glucose 
still remained in the beer after 72 hr; at the 0.1 per cent 
level the fermentation was essentially complete in 48 


TABLE 5 

Effect of urea concentration upon fermentation with Torulopsis 

magnoliae I2B (medium: 10 per cent glucose, 0.5 per cent 
yeast extract; 35 C) 


Urea Conc tation Final pH | Glycerol 
| | 
% hr | | % 
0.0 #8 | 2.9 | 5.0 | 3.8 | 4.4 | 37.5 
0.0 72 2.9 | 5.3 | 10 | 4.4 | 36.4 
0.05 72 | 3.2 | 5.5 | 0.2 | 5.5 | 38.8 
0.10 48 | 3.2 | 5.0 | 0.3 | 5.8 | 41.4 
0.20 48 | 3.8 | 55 | 0.4 | 5.4 | 41.6 
TABLE 6 


Effect of added phosphate on yields of products by Torulopsis 
magnoliae IB (medium: 10 per cent glucose, 0.5 per cent yeast 
extract; 35 C) 


| 


| } J | 
| Station | | least, | | 
| 
g/100 ml hr % 
0.0 72 | 29 | 60 | 02 | 3.8 | 38.9 
0.007 | 48 3.1 | 6.0 | 0.2 7.0 | 33.4 
0.014 | 48 | me 
0.028 | 48 3.3 | 7.0 | 0.2 | 10.2 | 19.0 
0.056 | 48 3.3 | 7.0 0.2 | 12.3 | 16.0 
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hr. With 0.5 per cent yeast extract in the medium, 
approximately one half of the nitrogen was supplied 
by the urea at the 0.1 per cent level of concentration, 

Despite the fact that approximately one third of the 
urea is broken down during sterilization, presumably to 
ammonium ion, no nitrogen is lost from the medium. 
Therefore it is not readily apparent whether the urea 
caused the increase in rate of fermentation. It can be 
said, however, that if the medium is prepared in this 
way, urea appears to hasten the fermentation. 

Effect of phosphate. During some work in which fer- 
mentations were being made with two yeast extracts 
produced by different manufacturers, one lot consist- 
ently produced low yields of glycerol. Accompanying 
the low glycerol yields were higher ethyl alcohol yields 
and increased cell growth. Analysis for inorganic phos- 
phate in the two lots of yeast extract revealed that the 
one producing high yields of glycerol contained 6.3 mg 
of phosphorous per g and the other lot contained 17.7 
mg of phosphorous per g. With the yeast extract of the 
low inorganic phosphate as the base (approximately 
0.001 mM with respect to phosphorous), media were made 
containing several levels of added phosphate. Fermen- 
tation results with these media are recorded in table 6. 
An increase in the phosphate level in the medium causes 
a decrease in glycerol production and an increase in 
ethyl alcohol yield. A small but definite increase in cell 
volume also occurs. The addition of a small amount. of 
phosphate increases the rate of sugar utilization but 
higher amounts have no further effect. 

If the influence of phosphate be considered in con- 
junction with that of yeast extract concentration, it 
would appear that the effects observed with yeast ex- 
tract may be due to the phosphate content of the yeast 
extract and not primarily to the nitrogenous com- 
pounds. Work is now under way on developing a com- 
pletely synthetic medium which it is hoped will clear 
up such points as this. 

Interrelation of aeration and sugar concentration. One 
of the striking features of this fermentation is the fact 
that aeration is necessary to produce good yields of the 
reduced product, glycerol. To determine whether ade- 
quate aeration was being achieved, fermentations were 
made at three aeration levels and three sugar levels. 
Degrees of aeration were obtained by using smooth and 
indented flasks and varying the speed of the rotary 
shaker. Oxygen availability was determined by the 
sulfite oxidation method of Cooper et al. (1944). The 
data for these fermentations are given in table 7. 

In the anaerobic fermentation, yeast growth was 
small and the glycerol yield was only 12 per cent. Ethyl! 
alcohol was also produced with a yield of 16 per cent 
of the sugar consumed. 

Oxygen availability of 42 mm O2/L/hr was adequate 
for the 10 per cent glucose level but not for the higher 
concentrations as shown by the drop in glycerol yields. 
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A level of 200 mm O2/L/hr appeared to be sufficient 
for the 9 and 18 per cent levels of glucose used as 
measured by glycerol yields but may be low for the 27 
per cent level. At the highest level of oxygen avail- 
ability, 360 mm O./L/hr, yields of glycerol at all three 
levels of glucose were comparable although they were 
somewhat less than at 200 mm O2/L/hr. 

In most cases increased aeration resulted in increased 
yeast growth with a slightly decreased rate of sugar 
utilization indicating a Pasteur effect. For 10 per cent 
sugar concentrations, oxygen availability of 42 mm 
O./L/hr was adequate but increased aeration is neces- 
sary for higher sugar levels. 


TABLE 7 
Effect of aeration and sugar concentration upon yields of glycerol 
by Torulopsis magnoliae I2B 


| | 
| "Tatton [Final ptt) | pital | final. | Giyerot 
mM O2/L/hr hr | % % % % 
0 72 | 47 | 2.8 | 9.8 | 0.2 | 12.1 
42 48 | 3.7 | 5.0 | 9.4 | 0.5 | 38.2 
42 | 48 | 3.2 7.0 | 18.3 | 0.4 | 27.7 
42 9% | 3.5 | 9.2 | 30.0 | 0.5 | 15.1 
200 48 | 3.1 6.0 89 | 0.2 | 40.9 
200 72 | 29 | 11.0 | 18.4 | 0.5 | 43.0 
200 96 | 3.7 | 12.0 | 27.1 | 0.9 | 35.6 
360 72 | 34 | 5.7 | 11.1 | 0.2 | 33.5 
360 72 | 3.1 | 9.0 | 22.0 | 0.5 | 31.0 
360 9 | 3.4 | 12.0 | 32.0 | 0.8 | 30.7 
TABLE 8 
Intermittent feed of sugar 
| Fer- 


| ; 
| Total | | | 
| Final how Glu- pi Glyc- | Glycerol 


Expt | men- Glucose u 
No. | Addition at | pH | | coset | erol "Used 
hr hr | % | % 
1 | 48 3.3 6.0, 9.3, 0.2 3.69 40.5 
72 | 24 3.4} 9.3) 21.5) .5 7.18, 34.2 
96 24, 48 10.3, 33.7, 0.9) 7.03, 21.4 
96 24, 48,72 | 3.6 12.5 45.9) 1.1) 7.61) 17.0 
| | 
| | | 
2 | 48 | 3.3 | 6.0) 0.2 3.69 40.5 
72 24 (2.6 | 6.0) 22.3, 4.7) 7.18 40.8 
96 24, 48 2.5 6.0 35.3, 14.7 7.40 35.9 
96 24, 48,72 | 2.5) 6.0 48.2 27.9 7.09 34.9 
| | 
| | | | | 
3 | 48 | 3.3| 10.4) 1.7 3.34 38.4 
72 | 24 3.1 6.0) 13.5) 0.4) 5.37, 41.0 
96 24, 48 | 3.2 | 6.0 16.5 0.3 6.90, 42.5 
7.91, 42.5 


96 24, 48,72 | 2.8| 6.0) 19.6) 1.0 


* Experiment 1, feed solution containing 49.6 per cent glu- 
cose, 2.5 per cent yeast extract, and 0.25 per cent urea added. 
Experiment 2, feed solution containing only 52.3 per cent 
glucose added. Experiment 3, feed solution containing 50.0 
per cent glucose, 0.31 per cent yeast extract, and 0.031 per 
cent urea. 

+ Medium at start, approximately 10 per cent glucose, 
0.5 per cent yeast extract, 0.05 per cent urea. 
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Fermentations with intermittent feed of sugar. To 
obtain high glycerol concentrations in the final beer, it 
is necessary to start with high concentrations of glu- 
cose, which necessitates high aeration rates. Foaming 
then becomes a serious problem. However, high glycerol 
concentrations in the beer were obtained when using an 
aeration rate of 42 mm O./L/hr by feeding the sugar 
intermittently. These fermentation results are shown 
in table 8. 

In these experiments the medium contained initially 
10 per cent glucose, 0.5 per cent yeast extract, and 0.05 
per cent urea. Twenty-four hr after inoculation and 
also at 48 and 72 hr, sugar solution of approximately 
50 per cent concentration was added to-the flasks. In 
experiment 1 the feed solution contained, besides 50 
per cent glucose, 2.5 per cent yeast extract and 0.25 
per cent urea; in experiment 2 the feed solution con- 
tained no nutrients; and in experiment 3 the nutrients 
in the added sugar solution were at one eighth the level 
in experiment 1. 

Sugar utilization was rapid in experiment 1. Glycerol 
yield based on sugar used, however, fell rapidly with 
each increment of sugar added. In experiment 2, the 
sugar utilization was very poor and the glycerol yields 
on sugar used were quite good. In experiment 3, the 
sugar utilization was good and glycerol yields on sugar 
used were excellent. 

In experiment 1, the added nutrients caused an ex- 
cessive growth of yeast, increased the alcohol pro- 
duction, and in consequence reduced the yields of glye- 
erol. In experiment 2, lack of nutrients caused the sugar 
utilization rate to slow down after 72 hr. The rate of 
sugar utilization was fastest between 48 and 72 hr. 
During the first 48 hr, 9.1 g of glucose were used, in 
the next 24 hr, 8.5 g were consumed, and between 72 
and 96 hr, only 3 g were fermented. 

In experiment 3, the yeast volume remained at about 
the same level as in experiment 2, but the amounts of 
glucose added were smaller and consequently the utili- 
zation was also less. It is probable that more glucose 
could have been used between 48 and 72 hr and also 
between 72 and 96 hr. At both 48 and 72 hr there was 
no appreciable sugar left so that the cells may have 
been out of substrate for an unknown length of time 
prior thereto. 

This culture is very demanding in its nutrient re- 
quirements and an excess is as bad as a lack of them 
from the standpoint of glycerol production. In a fer- 
mentation using intermittent feed, it is obvious that 
rate of sugar addition and level of nutrients must be 
carefully controlled to obtain satisfactory fermenta- 
tions. 

Substrates fermented. by T. magnoliae. In table 9 data 
are given on the aerobic fermentation of various sub- 
strates by the isolate. Glucose, levulose, mannose, and 
sucrose are all readily fermented and glycerol is pro- 
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duced in good yields from these sugars. Arabinose, 
galactose, and xylose are slowly utilized by this culture 
but with no production of glycerol. The polyhydric 
alcohols, glycerol, mannitol, and sorbitol, also are uti- 
lized for growth by the organism. Under the conditions 
of the fermentation, glycerol produced the greatest 
growth of yeast. Maltose and lactose are not fermented 
at all. 

Products formed as related to time of fermentation. The 
sequence of events in a glycerol fermentation using 7’. 
magnoliae is depicted in figure 1. Glycerol production 
follows glucose utilization closely throughout the fer- 
mentation. Ethyl alcohol is produced early in the fer- 
mentation. Since, because of aeration, ethyl alcohol is 
being lost throughout the fermentation, the values for 
this product are not to be considered as true yields. 

Eighty per cent of the yeast growth occurs in the 
first 24 hr of fermentation. Thereafter, growth is slow 
until the glucose is exhausted. The nitrogen content of 
the cells is highest early in the fermentation and there- 
after it gradually decreases. The pH of the medium 
constantly decreases as long as sugar remains, with a 


TABLE 9 
Fermentation of various substrates by Torulopsis magnoliae I2B 
Fermen- 
* Final | Yeast Substrate | Glycerol 
Substrate tation | “pH [Volume /Fermented| Yield 
hr % /100 ml % 


3.7 | 11.8 | 18.2 
4.8 | 10.3) 18.3 
6.0 | 10.2 | 98.3 


L-Arabinose. . . 96 
p-Galactose.... 96 
p-Glucose. .... 42 
Glycerol.......| 72 5.8 | 10.0} 4.8] 75.8 
Lactose........ 72 
Maltose......., 96 8.1 0.3 | 3.8 0.0 

96 

48 

96 

48 

96 


p-Mannitol.... 


p-Mannose.... 1 

p-Sorbitol.... . f 0.0 

Sucrose........ 28:2 34.5 
53.6 


p-Xylose...... 


360 l2y 24 
50 203 
| § 
“GLYCEROL YIELD ¥ = 
g ~ 
8 DRY YEAST WEIGHT 4 " 
230 — = 6S 4128 
> “YEAST VOLUME 
= 
= 
PH = x 
10 2 a 0.4 
ETHYL ALCOHOL YIELD 
ed 
0 
26 48 72 


FERMENTATION TIME (HOURS) 


Figure 1. Relation of yield of products produced by Toru- 
lopsis magnoliae 1,B to time of fermentation. 
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slight increase thereafter. The change in pH can be used 
to give a rough indication of the completion of fermen- 
tation. 

Carbon balance. Carbon balances were made on fer- 
mentations using 7. magnoliae to determine whether 
any major products of the fermentation were not being 
detected. 

The fermentations were run in a closed system with 
the carbon dioxide produced being trapped in sodium 
hydroxide solution. Aeration was accomplished by a 
stream of air flowing into the fermentation flask at the 
rate of 1 volume of air per volume of medium per min. 
Before entering the flask the air was freed of CO. by 
passing it through a soda-lime tube, humidified by 
bubbling through water, and _ sterilized by passing 
through a Fiberglas filter. The medium used contained 
10 per cent glucose, 0.5 per cent yeast extract, and 0.1 
per cent urea. The inoculum was grown in the usual 
way but the cells were washed twice in sterile water 
and resuspended in water to give the same concen- 
tration of cells as was initially present in the inoculum. 
Two and one-half ml of this suspension were used to 
inoculate 50 ml of medium in a 500-ml Erlenmeyer 


TABLE 10 


Distribution of carbon in a fermentation by Torulopsis 
magnoliae I2B 


Carbon Distribution cn. Carbon a 
mg/100 ml | mg/100 ml % 
I. Carbon in unfermented medium 
2: VYeset 500 230 5.4 
5. Total 1 through 4......... 4,278 | 100.0 
II. Carbon in products 
6. Carbon dioxide............ 3,593 980 22.9 
8. Glucose, unused........... 190 76 1.8 
9. Soluble nitrogen constitu- 
170 68 1.6 
Total 48... 4,038 94.4 
14. Unaccounted for, 5 minus 
III. Carbon in cell-free beer 
15. Direct determination...... 2,610 61.0 
16. Total products, 8 through 
17. Unaccounted for in beer, 
18. Lost as ethanol and other | | 
volatile products, 14 minus | 


* Both yeast cells and yeast extract were assumed to con- 
tain 46 per cent carbon. 
+ Calculated on the carbon nitrogen ratio of protein, 3.3. 
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flask. The fermentations were incubated at 35 C on a 
rotary shaker for 48 hr. 

The data for this fermentation are given in table 10. 
The wet cell volume of yeast was 6 per cent and the 
final pH was 3.5. The yield of glycerol was excellent, 
amounting to about 50 per cent of the glucose con- 
sumed. 

The medium contained a total of 4278 mg of carbon 
per 100 ml of medium. In the products of fermentation, 
980 mg of carbon were removed as carbon dioxide, 552 
mg as yeast, and there remained in the beer 2610 mg 
of carbon. The total carbon accounted for in these three 
products amounted to 4142 mg, so that 3.2 per cent of 
the carbon in the unfermented medium was unac- 
counted for. Some of this deficit must be due to alcohol 
and other volatile products that escaped during fer- 
mentation. 

Unused glucose, nitrogenous constituents, glycerol, 
ethanol, and acetate account for 2506 of the 2610 mg 
of carbon in the beer. A small undetermined amount of 
gum is formed by this culture and some of the un- 
accounted for carbon may be present in this product. 
Thus carbon in identified products amounts to 4038 
mg for a total recovery of 94.4 per cent. 


SUMMARY 


Isolates of osmophilic yeasts made from fresh pollen, 
brood comb honey, brood comb pollen, and clover heads 
growing near a bee colony were screened for their 
glycerol producing ability. One culture, identified as 
Torulopsis magnoliae 1.B, was chosen for a study of the 
factors affecting glycerol production. Under the best 
conditions developed, about 40 per cent of the glucose 
used by the yeast was converted to glycerol. 

The osmophilic yeasts surveyed have the common 
ability to produce polyhydric alcohols, especially in 
aerated fermentations. Ethyl aleohol was produced by 
all the cultures screened. Glycerol was produced by a 
majority of the cultures although in most cases only in 
trace quantities. p-Arabitol was produced by many of 
the cultures usually in association with glycerol. Eryth- 
ritol was produced by several of the isolates. Those 
cultures which produced erythritol did not produce 
arabitol. 

In addition to the inherent characteristics of the yeast 
strain, fermentation conditions play a large part in 
determining yields of products. Thus, in order to obtain 
glycerol as the predominant product, there must be 
adequate aeration. In the absence of aeration, ethyl 
alcohol was the main product of fermentation. There is 
an interrelationship between rate of aeration and glu- 
cose concentration in the medium. An aeration rate of 
42 mm O./L/hr was adequate for a 10 per cent level of 
glucose but inadequate for a 20 per cent concentration. 

The concentration of nutrients in the medium de- 
termine the products formed in the fermentation. Low 
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levels of yeast extract or inorganic phosphate favor 
glycerol production. High levels of either nutrient favor 
ethyl alcohol production and yeast growth at the ex- 
pense of glycerol production. A yeast extract concen- 
tration of 0.5 per cent was optimum for glycerol for- 
mation and glucose utilization. Maximum glycerol 
yields were obtained with 0.001 m inorganic phosphate. 
Using an intermittent feed technique, glycerol concen- 
trations up to 7.9 per cent were obtained in the fer- 
mented beer. 

In a carbon balance experiment, 94.4 per cent of the 
carbon in the medium was recovered in identified prod- 
ucts. 
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The importance of cations in media used for strepto- 
mycin production has been investigated by several 
workers. Potassium, zinc, magnesium, manganese, and 
iron have been shown to be necessary for maximal 
production of streptomycin in synthetic media (Wood- 
ruff and McDaniel, 1954). Other studies (Garner et al., 
1953) have shown that it was necessary to add iron and 
magnesium to a meat extract medium to obtain maxi- 
mal streptomycin production. Calcium caused an in- 
crease in streptomycin production when added alone to 
the meat extract medium, but had no effect in the 
presence of iron and magnesium. When the amount of 
iron or calcium was increased beyond the optimal levels, 
the yield of streptomycin was decreased (Garner et al., 
1953). The first published studies on the detrimental 
effect of iron on the production of streptomycin came 
from researchers in Japan (Takeda and Wataru, 1949; 
Umezawa et al., 1950). They found that streptomycin 
production was poorest in carbon steel fermentors, 
slightly better in stainless steel plated and nickel plated 
fermentors, and best in tin plated fermentors (Umezawa 
et al., 1950). These results, however, may have been 
influenced by the plating technique used since the 
authors stated that the nickel plating lasted for only 
two experiments. Shaken flasks containing pieces of 
carbon steel plated with nickel, stainless steel, or tin 
showed that the carbon steel reduced streptomycin 
activities and that all three plating materials nearly 
completely overcame the inhibitory effect of iron 
(Takeda and Wataru, 1949). 

The enzyme, mannosidostreptomycinase, first de- 
scribed by Perlman and Langlykke (1948), converts 
mannosidostreptomycin to streptomycin. Since manno- 
sidostreptomycin has less biological activity than 
streptomycin and also because the presence of manno- 
sidostreptomycin interferes with crystallization of 
streptomycin, this enzymatic conversion is of commer- 
cial importance. Under normal conditions mannosido- 


streptomycinase usually appears near the end of the ' 


fermentation when the glucose concentration becomes 
minimal, but occasionally it does not appear. These 
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same authors also noted that the presence of copper or 
mercury inhibited the activity of the enzyme. Other 
investigators (Hockenhull ef al., 1954) reported that 
relatively high concentrations (0.01 m) of copper and 
iron markedly reduced the enzyme activity, whereas 
potassium, magnesium, calcium, and barium had no 
effect. 

This paper presents data obtained in a study of the 
effect of selected cations on mannosidostreptomycinase 
activity and streptomycin production in media similar 
to those used for commercial streptomycin production. 
The inhibitory effect of Fet* on the enzyme activity 
was verified and the reversal of this inhibition by Ca** 
is reported. The inhibition produced with Fe** appears 
to involve enzyme synthesis rather than enzyme activ- 
ity. The inhibitory effect of minute amounts of Nit*+ 
on the production of streptomycin and the reversal of 
this inhibition with Fe** is also reported. 


MATERIALS AND METHODS 


The organism, a mutant strain of Streptomyces griseus 
capable of producing very high yields of streptomycin, 
was maintained and grown on soybean medium as in 
Example I of Dulaney’s patent (1951). Two major 
differences from Dulaney’s procedure were (a) that the 
seed medium was essentially corn steep liquor and 
water, and (b) that there were two culture transfers 
instead of one through the seed medium. 

Fermentation times were 24 to 48 hr on the seed 
medium and 168 to 192 hr on the soybean medium. 
The fermentations were conducted in 250-ml Erlen- 
meyer flasks, containing 40 ml of medium, on a rotary 
shaker with a rate of 220 rpm and a throw of 134 in. 
The exceptions are noted in the tables. The salts used 


. for the cation additions were as follows: Fe+*+, FeSO,: 


7H,O; Cat+, CaCl, anhydrous; Mg**+, MgSO,-7H.0; 
Mn*+, MnSO,-7H.O; Zn**, ZnSO,-7H:O; 
CuSO, 5H,0; Cr*, NasCr.0; -2H 0; Mo*, 


and Nit*+, NiSO,-6H.O. Unless 
stated otherwise, all cation additions were made to the 
fermentation broth prior to sterilization. 

Enzyme activity was determined using the method 
of Hockenhull et al. (1954), as described for shaken 
flask fermentation media. The pH of all the fermen- 
tation broths was within the range of 7.0 to 8.5 after 
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growth of the organism. As stated by Hockenhull et al. 
(1954), the enzyme activity was 90 per cent of its max- 
imal value between the pH limits of 7.0 and 9.0. All 
values reported for enzyme activity represent a single 
assay on a single sample made up from two pooled 
flasks. 

Assays for streptomycin (streptomycin plus manno- 
sidostreptomycin) were performed by the maltol 
method of Boxer et al. (1947). The samples were pre- 
pared for assay by adsorption of streptomycin on 
IRC-50 resin followed by elution with 0.1 m hydro- 
chlorie acid. Each maltol assay value determined was 
an average of duplicate determinations on a single 
sample prepared from two pooled flasks and then ex- 
pressed as a percentage of the control values. 


RESULTS 


Inhibition of Mannosidostreptomycinase Activity and 
Streptomycin Production 


In table 1 are shown the results of adding various 
levels of Fe+* before or after sterilization of the medium 
and after enzyme activity had appeared. The data 
presented indicate that the addition of about 50 ppm 
Fe++ before the enzyme appears completely inhibits 
the activity of mannosidostreptomycinase, whereas the 
addition of 75 ppm Fe** after the enzyme appears 
reduces the activity of the enzyme only 16 per cent. 
Streptomycin production was not reduced by 100 ppm 
Fet++. The results were not markedly altered by adding 
the iron to the flasks after sterilization of the media. 

The effect of some other cations on enzyme activity 
and streptomycin production was also determined. It 


TABLE 1 


Effect of Fe** on mannosidostreptomycin activity and 
streptomycin production 


Fe** Level {Maximal Enzyme Activity | Streptomycin Level 
None 900 | 100 
22 750 103 
55 | Nil | 102 
100 Nil 98 
| | 
None 550 100 
40 650 | 96 
40* 360 85 
60 Nil | 104 
60* Nil | 96 
None 1400 
38t 1260 = 
75t 1175 | 
1887 825 | 
375T 110 | — 


* added to media after sterilization. 
+ Fe**+ added after the appearance of enzyme activity and 
assayed immediately. 
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was found that the activity of the enzyme was inhibited 
by the presence of 100 ppm Cr*+, 66 ppm Zn*+, or 20 
ppm Ni**, but was relatively unaffected by 55 ppm 
Mn**, 240 ppm Mg*+, 64 ppm Cut+, 180 ppm 
or 100 ppm Mo**. In addition, Ni++ (5 ppm) or Cut++ 
(64 ppm) reduced the production of streptomycin by 
50 per cent and the inhibition of 5 ppm Nit+ was re- 
versed by the presence of 25 ppm Fett. 

It should be emphasized that the level of enzyme 
activity observed over 200 units per ml is not as im- 
portant as the nonappearance of the enzyme. The level 
of enzyme activity necessary to produce a reasonably 
rapid conversion of mannosidostreptomycin to strepto- 
mycin is at least 200 units per ml (Hockenhull e¢ al., 
1954). Findings in our laboratory agree with this figure. 
As a rule, there is a fairly wide range of maximal 
enzyme activities. 


Reversal of the Fe** Inhibition of 
Mannosidostreptomycinase Activity 


Of the four cations that inhibited enzyme activity, 
iron was selected for further study. In table 2, data are 


TABLE 2 
Effect of some cations on mannosidosireplomycinase activity 
and streptomycin production in fermentation broths 
containing Fe** 


Cations. Added — Streptomycin 

ppm ie units/ml % of control 
CO 180 505 91 
60 Fe*+, 240 Mgtt..............| Nil 72 


TABLE 3 
Effect of Ca** on the level of Fe** necessary for inhibition of 
mannosidostreptomycinase activity and on streptomycin 


production 

Cation Added | Stre 
- ppm units/ml % of control 

70 Nil 100 
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presented showing the effect of several cations added 
to broth containing 60 ppm Fe**. It was observed that 
180 ppm Ca** reversed the inhibitory effect of 60 
ppm Fe** on the activity of mannosidostreptomycinase. 

The effect of Ca** additions to broths containing 
iron was investigated further and the data are shown 
in table 3. The presence of 180 ppm Ca** in the broth 
increased the level of Fe*+* required from 50 ppm to 
80 ppm for the inhibition of enzyme activity. In the 
presence of Fet*+, the addition of Ca**+ reduced the 
amount of streptomycin produced by about 10 per cent. 

The reversal of the ‘‘iron-inhibition” of mannosido- 
streptomycinase activity by calcium has been carried 
out many times in this laboratory. In table 4, it can be 
seen that 90 ppm Ca*+ and 180 ppm Cat* added at 144 
hr assured the production of enzyme within 24 to 48 
hr in fermentation broths containing 50 ppm Fe+*+ and 
60 ppm Fet**, respectively. It is of interest to note that 
the late addition of calcium had less effect on strepto- 
mycin yields than the presterilization additions of cal- 
cium (as noted in other experiments). 


Discussion 


The inhibition of mannosidostreptomycinase activity 
with Fet+* additions to fermentation broth is inter- 
esting. On the one hand, when the addition of Fe** 
was made prior to the appearance of the enzyme in the 
broth, only 50 ppm Fe** were required to completely 
inhibit the activity of the enzyme. On the other hand, 
when the addition of Fe++ was made after the enzyme 
had appeared in the broth, approximately 400 ppm 
Fet+* were required to completely inhibit the activity 
of the enzyme. 


TABLE 4 
Effect of the amount and of the time of Ca** addition on manno- 
sidostreptomycinase activity and streptomycin production in 
fermeniation broths containing Fe** 


ppm units/ml % of control 
535 60 
50 Fe**, 90 Ca** (at 96hr)....| 1415 115 
50 Fe**, 90 Ca** (at 120hr)....| 1685 115 
50 90 Cat* (at 144hr)....) 1970 115 
60 Fe**, 180 Ca** (at 96hr)....| 1380 112 
60 Fe**, 180 Ca** (at 120 hr)....| 1540 107 
60 Fe**, 180 Ca** (at 144hr)....| 1565 113 
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It is interesting to speculate why less Fe*+ is required 
when the cation addition is made prior to the appear- 
ance of the enzyme. Perhaps the Fet++ interferes with 
the synthesis of the apoenzyme or with the synthesis 
of any coenzymes which may be involved. If this were 
the case, it would be more correct to say that the ad- 
dition of Fe+* inhibited the synthesis of the enzyme in 
the fermentation broth rather than inhibited the ae- 
tivity of the enzyme. 

In shaken flasks, it has been possible to reverse the 
inhibitory effect of Fe+* on mannosidostreptomycinase 
activity by making additions of Cat*+ to the fermen- 
tation broths. The level of Ca++ required to reverse 
the inhibitory effect of Fe++ was dependent on the 
level of Fe** in the broth. 

The inhibitory effect of Ni**, Cr*+, or Zn**+ upon 
enzyme activity was not studied beyond making the 
initial observation. 

The inhibitory effect of Cu++ or Nit++ upon strepto- 
mycin production was marked. Ferrous ion (25 ppm) 
reversed the inhibition of Nit+ (5 ppm). The inhibitory 
effect of Ca*+ on streptomycin production could be 
overcome by making the addition of the cation late in 
the fermentation cycle. 

Under the particular conditions of these experiments, 
a level of approximately 25 ppm Fet* would be de- 
sirable. The inhibitory effects of other cations on 
streptomycin production would be minimized and the 
production and activity of mannosidostreptomycinase 
would not be disturbed. 


SUMMARY 


Mannosidostreptomycinase activity was inhibited by 
the addition of Fe++, Nit+, Zn++, or Cr®+ at the be- 
ginning of the fermentation. The possible inhibition of 
mannosidostreptomycinase synthesis by Fe+*+ was sug- 
gested. 

Ca** added after 144 hr to fermentation broths con- 
taining 50 to 60 ppm Fe** reversed the inhibition of 
enzyme activity due to the presence of the ferrous ion. 

Streptomycin production was reduced by Ni*+* or 
Cu** and was reduced only slightly in the presence of 
both Ni** and Fe**. 
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This paper describes readily available simple ex- 
posure chambers in which material or equipment may 
be sterilized by ethylene oxide gas. Although specialized 
automatic equipment is now available for such purposes 
(Perkins, 1956; Stryker, 1958), occasions may arise 
where it it desirable (a) to adapt laboratory equipment, 
such as a standard autoclave so that it can be used with 
ethylene oxide, without interfering with its regular use, 
or (b) to have cheap, mobile equipment that can be 
readily transported to outside locations where one has 
material to sterilize. The present availability of non- 
flammable ethylene oxide mixtures packaged in light 
weight aerosol bomb type cans makes it quite feasible 
to utilize such simple exposure chambers and, as the 
data presented show, material can be readily sterilized 
in such devices. 

Ethylene oxide is a gas at room temperature and 760 
mm Hg pressure, but is readily liquefied because of 
its relatively high boiling point (10.8 C). Keeping the 
liquefied compound in simple containers presents a 
safety hazard in both storage and use, since the vapor 
is highly flammable in air in any concentration between 
3 and 80 per cent by volume. For many years the 
compound has been commercially available, for fumi- 
gation or sterilization purposes, in combination with 
carbon dioxide,! an inert diluent which renders the 
mixture nonflammable when present in air in any pro- 
portion (Jones and Kennedy, 1930). Because of the 
high internal pressure exerted by the carbon dioxide, 
this mixture can be contained only in heavy steel 
cylinders which are both costly and awkward to handle. 

Numerous improvised experimental setups have been 
described in the literature on the use of ethylene oxide, 


'Carboxide; product of Carbide and Carbon Chemical 
Company, New York, New York. 


alone or in combination with carbon dioxide, to sterilize 
materials or equipment. For example, Yesair and 
Williams (1942) sterilized spices under vacuum in an 
aluminum kettle containing ethylene oxide gas and no 
inert diluent. Kaye and Surkiewicz (1952) sterilized 
equipment in bags or under tarpaulins made of gas 
tight coated fabrics. The pure ethylene oxide gas was 
admitted into the system by crushing glass ampules of 
the liquid chemical or by releasing it from metal cyl- 
inders. Fulton and Mitchell (1952) used an ethylene 
oxide-carbon dioxide mixture when experimenting with 
such improvised chambers as (a) a wooden box, (b) a 
hypochlorite bleach drum, and (c) a segment of an 
automobile rubber inner tube in which footwear was 
sterilized. Newman et al. (1955) sterilized articles in a 
standard autoclave by use of an ethylene oxide-carbon 
dioxide mixture admitted to 20 lb pressure from heavy 
cylinders. In all of these experiments either a flamma- 
bility hazard existed when using undiluted ethylene 
oxide or a second problem was created when admitting 
an ethylene oxide-carbon dioxide mixture under high 
pressure from awkward heavy cylinders into small 
confined spaces which would not hold all of the vapor 
should the entire contents of the cylinder be accidently 
released. 

The sterilant mixture used in the experiments de- 
scribed herein was developed for the U.S. Army 
Chemical Corps by the Department of Agriculture 
(Haenni et al., 1959). It contains 11 per cent (by weight) 
ethylene oxide, 44.5 per cent dichlorodifluoromethane, 
and 44.5 per cent trichloromonofluoromethane. It is 
packaged? in 16 oz low pressure aerosol cans containing 
66 g (75 ml) of ethylene oxide. Each aerosol can is 


2 Pennsylvania Engineering Company, Philadelphia, Penn- 
sylvania. 
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fitted with a 1-in. flat cap to which a needle valve with 
a can holder and hollow needle’ is attached to release 
the sterilant mixture (figure 1). 

The substitution of fluorinated hydrocarbons for 
carbon dioxide as a diluent permits the ethylene oxide 
to be packaged as a nonflammable mixture in light 
weight aerosol-bomb type cans. The use of the fluo- 
rinated compounds with their higher molecular weights 
also permits a higher concentration of ethylene oxide 
in the vapor state than can be achieved with the carbon 
dioxide mixture. Although the weight percentage for 
nonflammable formulations are approximately the same 
in the two mixtures, the molar percentage of ethylene 
oxide and hence the volume percentage of its vapor is 
about 2.7 times as high with the fluorinated hydro- 
carbon mixture as it is with Carboxcide. 

The use of an ethylene oxide-fluorinated hydrocarbon 
mixture was first reported by Skeehan et al. (1956), in 
their paper on the sterilization of ophthalmic instru- 
ments in an autoclave simply converted for the purpose 
by the Fort Detrick investigator in this joint study. 
Since then, at least two ethylene oxide-fluorinated 
hydrocarbon mixtures have become available on the 
commercial market.‘ Each of these mixtures contains 
approximately the same amount of ethylene oxide as 
that used for the work reported herein but contains 
different proportions of the two fluorinated hydrocarbon 
diluents. 

Three quite simple exposure chambers, which utilize 


3 Can-O-Gas Valve; manufactured by the Virginia Smelting 
Company, West Norfolk, Virginia. Dual Charging Can Valve; 
manufactured by the Superior Valve and Fittings Company, 
Pittsburgh, Pennsylvania. 

* Cryoxcide; product of American Sterilizer Company, Erie, 
Pennsylvania. Steroxcide; product of Wilmot Castle Company, 
Rochester, New York. 
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Figure 1. Can holder, aerosol can, and holder attached to 
can in operating position. 
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the low-pressure nonflammable ethylene oxide mixture, 
are described below with data on their performance, 


MATERIALS AND METHODS 
Exposure Chambers 


Autoclave. The autoclave was selected as an ethylene 
oxide sterilization chamber because of its universal 
availability and ease of modification. The autoclave was 
modified to permit the use of either steam or ethylene 
oxide gas. A valve was installed on each pipeline at- 
tached to the autoclave if the line was not equipped with 
a valve. By means of these valves all exhaust and drain 
lines could be closed to make the autoclave a sealed 
chamber. A pipe “tee” was installed on one of the ex- 
haust lines between the cutoff valve and the chamber. 
A needle valve with can holder and hollow needle was 
attached to the pipe “tee” with 14 in. (0.d.) copper 
tubing. The can holder was attached in such a way that 
it held the can of sterilant in an inverted position 
(figure 2). This position is mandatory as the cans are 
not equipped with eductor tubes. The volume of the 
autoclave used in these experiments was 120 L so that 
the injection of 66 g of ethylene oxide gave a concentra- 
tion of 550 mg of the oxide per L of space. 

The procedure for sterilizing materials in the auto- 
clave simply involved placing the contaminated items 
in the autoclave, closing the door and all valves and then 
admitting the sterilant. Air was not evacuated from 
the autoclave, nor was the temperature raised before 
admitting the ethylene oxide. The sterilant mixture 


Figure 2. Autoclave modified for gaseous sterilization 
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was admitted by attaching the can to the holder, 
screwing the can down until the hollow needle pierced 
the cap, and then opening the needle valve. 

Drums. The two drums tested were unlined steel 
drums of flash welded seam construction. The primary 
difference between the two drums was the method of 
closure. The lid of one drum was sealed by a metal ring 
with a lever type lock known as Quik-Lox. The second 
drum also was equipped with a steel ring but the ring 
was tightened with a nut and bolt. Both drums were 
satisfactory as ethylene oxide sterilizing chambers. 

Each drum was modified by cutting two, 14-in. holes 
in the lid. To each hole was brazed a 4- to 3¢-in. pipe 
reducer. A pressure gauge was attached to one fitting 
(figure 3) and a needle valve, with can holder and an 
inductor tube, was attached to the second fitting. A 
series of tests was made to determine the maximum 
pressure to be encountered when the sterilant mixture 
was added. The maximum drum pressure encountered 
was 6 psig; above this pressure, leakage occurred 
around the drum head gasket. Preliminary experiments 
indicated that more consistent bacteriological results 
were obtained if the drum was fitted with an inductor 
tube. This tube permitted the halogenated hydrocar- 
bon-ethylene oxide formulation to be released in the 
bottom of the drum. As the formulation expanded 
within the drum, pressure increased and air was forced 
out around the gasket. If no inductor tube were present, 


Figure 3. Drum modified for gaseous sterilization 
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more ethylene oxide would be forced out of the drum 
and a longer exposure time would be required. 

The adequacy of the drum to serve as a container 
for ethylene oxide sterilization was found to depend 
upon the sealing qualities of the drum head gasket. 
Three types of gaskets were tested. One, made of 
34,-in. thick sponge rubber was used only once or twice 
before it became compressed and thus nonserviceable. 
The second gasket was a hollow, hemispherical, seam- 
less, rubber or pliable plastic gasket made with four 
longitudinal ridges along its flattened side. It was used 
eight times with no observable loss of sealing quality. 
The third gasket, a round hollow rubber type, was used 
three times with no apparent loss in serviceability. 
The 55-gallon drum has a volume of approximately 
210 L and therefore the addition of 66 g of ethylene 
oxide gives a theoretical concentration of approxi- 
mately 320 mg of the oxide per L of space. Actually, 
the concentration of ethylene oxide within the drum 
would be somewhat less than the theoretical 320 mg per 
L since some of the vapor will be forced out of the 
drum with the air when the pressure surpasses 6 psig 
upon admitting the sterilant to the system. 

The procedure used to sterilize material in the drum 
was somewhat similar to that used with the autoclave. 
Clothing and cloth patches contaminated with Bacillus 
subtilis var. niger (B. globigii) spores were placed in 
the drum, the drum closed, and the ethylene oxide can 
attached to the holder. The can was screwed down on 
the hollow needle and the sterilant mixture admitted 
by opening the needle valve. The drum was then rolled 
on its side a few times to insure a homogenous distribu- 
tion of the gas throughout the container. The drum 
was placed in an upright position during the steriliza- 
tion period. 

Polyethylene bag. The simplest device used for 
ethylene oxide sterilization was a large polyethylene 
bag. Preliminary tests with various plastics showed 
that a 4 to 6 mil thick polyethylene film would retain 
ethylene oxide gas for a period of time sufficient to 
achieve sterilization. Bags made from this polyethylene 


Figure 4. Polyethylene bags, empty and used asa sterilizing 
container. 
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film were selected because they were commercially 
available as chemical drum liners, could be used 
repeatedly, stored for a long period of time, and re-used 
without the bag losing its flexibility and gas holding 
qualities. The bags used in these tests were 6 ft long 
and 214 ft wide when flat (figure 4). They were con- 
structed of tubular polyethylene and had a seam only 
at the bottom. The bag when closed had a volume of 
approximately 145 L and therefore the addition of 
66 g of ethylene oxide gave a concentration of approxi- 
mately 450 mg of the oxide per L of space. 

The procedure used to sterilize the material in the 
bag was also quite simple. The clothing or equipment 
was placed in the bag. A needle valve with a can holder 


TABLE 1 
Recovery of Bacillus subtilis var. niger spores from instruments 
before and after exposure to ethylene oxide 


| 


Polyethylene Bag 


Autoclave 
j om = 
E | | No. of spores | No. of spores 
| Instrument | recov ered* Instrument | recovered* 
| After | After 
Bef | Bef. | 
hr | | 
2 Hygrother- | 110,000 2,140 Centri- 325,000 
 mograph fuge | 
2 | 830,000, 20,175 442,500) 225 
4 | « 150,000) 460,000 
4 | | 19,500; of 24,350 0 
6 “ 46,500, o « 58,500 0 
| | | | | 
2 | pH meter 167,500 1,064 Colony 20,0000 
| | coun- | | 
| ter 
2 | «“ | 985,000 18,000 “ 1,085,000 0 
4 | 290,000 0 “ 660,000 0 
4 | 310,000 99,000 0 
6 | 395,000 « 


* Average of two samples. 


TABLE 2 


Recovery of Bacillus subtilis var. niger spores from cloth patches 
before and after exposure to ethylene oxide 


| No. of Organisms Recovered from 


| Exposure | Cloth Patches after Exposure* 

Patch 

| Top Middle | Bottom 

| hr | 
Bag | 4 71. 4 
Bags 4 5,000,000 478 | 183 270 
Bag | 4 5,000,000 1,119 356.5 83.5 
Bag 4 5,000,000 397.5 | 176 85 
Bag 6 9,400,000 | 0 0 0 
Bag 6 9,400,000 0 
Drum | 4 5,000,000 339 = 183 270 
Drum | 4 9,000 , 000 20 #10 18 
Drum 6 3,700,000 0 0 0 
Drum 9,400,000 0 0 0 


* Average of two samples. 
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was attached to an ethylene oxide container, the valve 
closed and the can screwed down until the hollow 
needle punctured the cap. The can with the needle 
valve attached was placed in the center of the bag but 
to one side. The bag was closed by twisting approxi- 
mately 2 ft of the neck, folding it over on itself and 
tying it tightly with a piece of string. The closed bag 
was positioned on its side and the can of sterilant 
grasped from the exterior of the bag and the valve 
opened while holding the can in an inverted position, 
When the bag was used as a container in which to 
sterilize clothing, it was rolled through an are of 360° 
a few times to insure a thorough distribution of the 
disinfectant. When sterilizing delicate equipment, of 
course, the bag could not be rolled. Following the 
rolling procedure the bag was stored undisturbed at 
room temperature for the desired exposure period. 


Biological Methods 


The adequacy of the container to serve as an ethylene 
oxide sterilization chamber was determined by its 
ability to retain the oxide long enough to sterilize 
cloth patches or instruments contaminated with a 
viable spore suspension of B. subtilis var. niger. The 
degree of decontamination obtained on the test objects 
served as an index of the decontamination expected 
for similar items. 

Cotton twill coveralls were used for bulk in these 
tests. The contaminated cloth patches were placed 
strategically through the clothing in the respective 
chambers so that it could be assured that the ethylene 
oxide penetrated the bulky clothing. Samples were 
taken before and after the sterilization procedure and 
assessed using the standard bacteriological pour plate 
technique. 


RESULTS 


Table 1 shows that the laboratory instruments which 
were heavily contaminated with bacterial spores were 
sterilized in the autoclave or polyethylene bag after 
4 hr exposure at room temperature to a theoretical 
concentration of 550 and 450 mg of ethylene oxide per 
L of space, respectively. Although 2 hr exposure 
sterilized some contaminated sites on the instruments, 
viable spores were still recovered from other sites. 

Table 2 shows that heavily contaminated clothing 
would require about 6 hr exposure to ethylene oxide 
before sterility would be obtained in a polyethylene 
bag or drum. 


DISCUSSION 


It is evident from the results presented that the 
autoclave, steel drum, and polyethylene bag can serve 
as chambers in which to sterilize laboratory equipment 
or clothing with ethylene oxide. The fact that such 
simple equipment can be used does not signify that 
there may not be many occasions where more elab- 
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orate permanent types of chamber installations may 
be preferable, particularly when the volumes of mate- 
rial being routinely sterilized are large. Neither is the 
ethylene oxide sterilizing method recommended as a 
replacement for the cheaper routine steam or heat 
sterilization methods where they can be used. The 
ethylene oxide system does, however, furnish a means 
of sterilizing nonautoclavable heat and moisture sensi- 
tive materials in the laboratory, or of sterilizing almost 
any type of materia! in the field where steam is un- 
available. 

Materials may be maintained in a sterile condition 
after decontamination if they are wrapped in paper 
before exposure to the ethylene oxide. The oxide readily 
penetrates the paper and sterilizes the items while 
the paper in turn prevents recontamination. 

Materials which are heavily contaminated with 
resistant bacterial spores will require an exposure to 
300 to 500 mg ethylene oxide per L of air for about 
6 hr to insure sterilization at room temperature (25 C). 
Since each 10 C change in temperature changes the effec- 
tiveness of the chemical by a factor of 2 to 3 (Phillips, 
1949), attempts to sterilize outdoors in cold weather 
should be avoided. 

No effort was made to evacuate the drum or auto- 
clave before admitting the ethylene oxide mixture. A 
vacuum is not necessary to achieve penetration of 
ethylene oxide through porous materials since this 
highly volatile gas diffuses rapidly through many 
layers of fabric or other permeable materials (Phillips, 
1957). Also it had been noted that, when air was evac- 
uated from a chamber before admitting ethylene oxide 
vapor, sterilization often became more difficult, and 
sometimes was not achieved in the expected time 
interval. This has been attributed to the removal of 
moisture as well as air when the chamber was evac- 
uated. Apparently some moisture is necessary for the 
killing process to proceed rapidly (Yesair and Williams, 
1942; Kaye and Phillips, 1949). 

It must be emphasized that the can of ethylene 
oxide-halogenated hydrocarbon mixture must be held 
in an inverted position to insure a rapid release (within 
several minutes) of the sterilant when the can is 
opened. The can is not equipped with an eductor tube 
and, therefore, if the can is opened while in an upright 
position, it will require a much longer time (about 
24 hr) to dispense the entire contents. 

Care must be exercised when using ethylene oxide 
and liquid halogenated hydrocarbon mixture since 
both liquid ethylene oxide and liquid trichloromono- 
fluoromethane are excellent solvents for certain plastics. 
Therefore, it is imperative that droplets of the liquid 
disinfectant mixture, before they have an opportunity 
to vaporize as they emerge from the can, not be per- 
mitted to contact certain materials. Ethylene oxide 
and trichloromonofluoromethane evaporate quite rap- 
idly after dissemination and once in the gaseous state 
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they are noncorrosive. It is advisable to provide a 
shield or baffle over the port through which the sterilant 
mixture enters the autoclave or the drum. When steril- 
izing equipment in a bag, it is desirable to direct the 
effluent from the dispenser into a towel or rag to pro- 
tect equipment which might be damaged by the liquid 
sterilant or propellant. 


SUMMARY 


A simple ethylene oxide dispenser system and three 
easily devised exposure chambers are described. The 
dispenser is a 16 oz, low-pressure aerosol can containing 
11 per cent (by weight) ethylene oxide, 44.5 per cent 
dichlorodifluoromethane, and 44.5 per cent trichloro- 
monofluoromethane. The aerosol cans are fitted with a 
1-in. flat cap to which a needle valve with a can holder 
and hollow needle can be attached to release the 
sterilant mixture. This system was adapted for use 
with an ordinary steam autoclave, a 55 gallon open- 
head steel drum, or a simple large polyethylene bag. 
Any one of these devices can be used as an ethylene 
oxide sterilizing chamber in the laboratory and the drum 
and polyethylene bag are suitable for use in the field. 
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It has been suggested recently (Mossel, 1958) that 
the bifid bacteria (usually referred to as Lactobacillus 
bifidus in the literature) may be suitable indicators of 
fecal contamination of foods and/or waters. The feces 
of man and certain animals are rich sources of these 
organisms (Haenel, 1956; Haenel and Miiller-Beuthow, 
1956) which, so far as is known, do not grow in other 
natural environments. The specificity of the bifid bac- 
teria as indicators of fecal pollution, and, accordingly, 
the significance of their occurrence and numbers in 
foods and waters may depend largely upon their extra- 
enteral survival, particularly as compared with the 
survival of other bacteria of intestinal origin, for 
example, coliforms and enterococci. In the study 
reported here such a comparison was made with 
regard to the survival in water under different condi- 
tions, and the data may thus provide information 
relevant to the evaluation of the suitability of the bifid 
bacteria as indicators of fecal pollution in water. 


MATERIALS AND Metruops 


General procedure. The main experiments were 
carried out by suspending feces in unsterilized natural 
waters, and by storing diluted suspensions under 
desired conditions for continuous quantitative deter- 
minations of the bacteria under study. For this purpose, 
fresh feces of 25 to 30 healthy adults were collected and 
mixed and then suspended and diluted in (a) well 
water (to some extent polluted with surface water), 
pH 7.5, color 70 mg Pt per L, kisc 149 wS; (b) lake water 
(weakly pystrophic), pH 6.3, color 30 mg Pt per L, kisc 
40 wS; and (c) lake water (eutrophic), pH 6.7, color 
60 mg Pt per L, xisc 80 uS to give final dilutions of 10°, 
10°°,and 10°. A 2-L aliquot of each dilution in each 
kind of water was then stored at refrigerator (4 to 6 C) 
and at room temperature (18 to 20 C), respectively. 
From the water materials prepared in this way, the 
numbers of the bifid bacteria, the coliforms, and the 
enterococci were determined immediately upon com- 
pleting the preparation and 1, 2, 3, 5, 8, and 12 days 
after the beginning of the experiment. 


1 The color was determined by visual comparison with known 
platinum (K2PtCl.)-cobalt (CoCl.-6H-O) reference solutions, 
and is expressed as the concentration of Pt (mg per L) cor- 
responding to the color of the sample. The specific conductivity 
(x) is expressed in wS and the values are corrected to 18 C. 
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Determination of the different groups of bacteria. The 
membrane filter technique was employed for the three 
groups of bacteria in question. For the bifid bacteria, 
the procedure described by Gyllenberg and Niemeli 
(1959) was used. To effect an easier counting of the 
colonies, 0.01 per cent of 2,3 ,5-triphenyltetrazolium 
chloride was incorporated in the medium. For the 
enterococci, the M-enterococcus medium (Slanetz and 
Bartley, 1957) was employed. In some trials, Bacto- 
Casitone? was used instead of Bacto-Tryptose? but this 
modification did not influence the counts. For the coli- 
forms, the Congo agar described in Anvisningar for 
vattenundersékningar (1953) was adopted. Preliminary 
experiments clearly showed that with the membrane 
filter technique the Congo agar gave counts in good 
quantitative agreement with endo agar or violet red 
bile agar, but appeared to be superior to these media 
with regard to the uniformity of coliform colonies, thus 
permitting easier interpretation, and, consequently, 
more rapid counting. 

The colonies of the enterococci and the coliforms were 
counted after incubation at 37 C; enterococci for 48 
hr, coliforms for 18 to 22 hr. For comparison, most 
probable number (MPN) counts were performed for 
the coliforms both by employing standard lactose broth 
and the Eijkman procedure (glucose broth, incubation 
at 45 C in air). 

All filtrations were carried out employing the appara- 
tus Coli 5° with the membranes Co 5° (grid markings). 


RESULTS AND DIscussION 


Since there did not occur real differences in the sur- 
vival of the test organisms in the different waters and 
the different concentrations of feces, the following dis- 
cussion can be limited to a comparison of the changes 
in the numbers of the three groups of bacteria at both 
refrigerator and room temperatures of storage. 

Changes in the actual and relative numbers of bifid 
bacteria, coliforms, and enterococci. The geometrical 
means (five experiments) of the actual numbers of 
bifid bacteria, coliform bacteria, and enterococci, 
respectively, are presented in table 1. The figures ob- 

2 Difeo Laboratories, Inc., Detroit, Michigan. 


3 Membranfilter-Gesellschaft, Sartoriuswerke, Géttingen, 
Germany. 
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tained immediately upon starting the experiments, 
after 2 days and after 12 days at room temperature, and 
after 12 days at refrigerator temperature are given. 
These data show that initial colony counts in the range 
of 10° to 10’ per g of feces were encountered for the 
coliform bacteria and the enterococci, whereas the 
corresponding figures for the bifid bacteria were con- 
siderably higher (> 10° per g). During the first 2 days 
of storage there occurred, however, particularly in lake 
water (c), as described in general procedure, an in- 
crease in the numbers of coliform bacteria and entero- 
cocci at room temperature, whereas the figures for the 
bifid bacteria were reduced during this period of storage. 
From the 2nd day on, also, the numbers of coliform 
bacteria and enterococci dropped. As can be calculated 
(table 2), the reduction rate of the numbers of coliform 
bacteria was, during this period of storage, of the same 
order of magnitude as that of the bifid bacteria. The 
decimal reduction time was about 80 hr for both of these 
groups of bacteria. For the enterococci, the rate at 
which the number was reduced was somewhat lower; 
the decimal reduction time at room temperature ap- 
proached 100 hr during the period from the 2nd day to 
the 12th day of storage. 

At refrigerator temperature the numbers of all 
three types of bacteria were reduced from the beginning 
of the experiments, although, initially, only very 
slightly. Here again, the reduction rates of the numbers 
of coliform bacteria and bifid bacteria were almost 
equal, whereas the numbers of enterococci were reduced 
at a considerably lower rate. 

General conclusions. From the data given above it can 
be concluded that the bifid bacteria survive under the 
conditions prevailing in natural water about equally as 
well as do the coliform bacteria. The main difference in 
the behavior of these two groups of bacteria is that the 


TABLE 1 


Actual and relative numbers of bifid bacteria, coliform bacteria, 
and enterococci after different times of storage of the water 


samples 
(D) 
2 Ps f (C) 12 Days of 
(A) St Sis > 12 Days of Storage at Storage at 
Begin- |, Room Temp Refrigerator 
nin Room Temp Tem 
Bacterial Group ' 
Expt | 
No.* | Per Per Per | . Per 
No. | cent | No. | cent of| cent of} No. | cent of 
jof (A) | (A) (B) (A) 
x 106 106 x108 
Bifid 
teria. .....| 590 |300 | 51 | 0.33 | 0.06 | 0.11 32.3) 5.5 
Coliform 
bacteria...| 25 | 52 | 208 | 0.06 | 0.24 | 0.12 | 2.4} 9.6 
Enterococci..; 8 | 11 | 144 | 0.04 | 0.50 | 0.35 | 1.9 | 23.7 


* The figures are given as millions per g of feces suspended 
in water and are geometrical means of the data from five 
experiments. 


SURVIVAL OF BACTERIA IN WATER 


21 


bifid bacteria are definitely incapable of multiplication 
under these conditions, whereas the coliform bacteria 
may show some initial increase in the colony counts. 
This fact, of course, gives rise to a change in the colony 
count ratio of bifid bacteria to coliform bacteria. As 
shown in table 3, this ratio in our experiments dropped 
from an initial figure of 24 to about 6 during 2 days of 
storage at room temperature. A similar drop was found 
also in the colony count ratio of bifid bacteria to entero- 
cocci. This last mentioned ratio was, however, reduced 
continuously upon prolonged storage, due to the fact 
that the enterococci showed lower rates of reduction 
than the bifid bacteria under the extraenteral conditions 
studied. . 

The significance of the occurrence of the bifid bacteria 
in water cannot be definitely assessed only on the basis 
of the data given in this paper. Additional and more 
exact data on their distribution in nature are necessary 
for this purpose. It can be emphasized, however, that 
bifid bacteria occur in the feces of man in much higher 
numbers (in the range of 10 to 100X) than coliform 
bacteria and enterococci. A similar ratio when found in 
relatively warm waters (18 to 20 C) may thus indicate 
recent pollution since this ratio decreases rather rapidly 
under such conditions. In cold waters (4 to 6 C) the 
changes in the relative figures occur more slowly, but 
the ratio of bifid bacteria to enterococci, in particular, 
diminishes with time also in cold waters, and may thus 
provide some information about the pollution. 


TABLE 2 


Decimal reduction times of the bifid bacteria, coliform bacteria, 
and enterococci beiween the 2nd and 12th days of storage* 


Bacteria! Group Room Temp Refrigerator Temp 


hr hr 

| 
Coliform bacteria............) 80 240 


* Figures are calculated from the data given in table 1. 


TABLE 3 


Ratios of bifid bacteria to coliform bacteria and bifid bacteria 
to enterococci at different times and temperatures of storage* 


| Ratio 


Storage 
| Bifid bacteria to 
| coliform bacteria 


Bifid bacteria 
to enterococci 


| 
| 
| 
| 
| 


Immediately upon beginning | | 


of 23.6 | 73.7 
After 2 days at room temp..... | 5.8 26.1 
After 12 days at room temp... | 5.5 $2 
After 12 days at refrigerator | 


* Figures are calculated from the data given in table 1. 
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SUMMARY 

Immediately upon the suspension of feces in water, 
the numbers of bifid bacteria were 10 to 100 times as 
high as the numbers of coliform bacteria and entero- 
cocci. In water stored at room temperature, this ratio 
was considerably decreased during the first 2 days, 
because the coliform bacteria and the enterococci were 
capable of some multiplication, whereas the bifid 
bacteria were not. When the coliform bacteria once had 
entered the phase of reduction in their numbers, there 
seemed to be no distinct difference in the relative sur- 
vival of coliform bacteria and bifid bacteria at room 
temperature. A lower reduction rate was found with 
regard to the numbers of enterococci. At refrigerator 
temperature the numbers of all the bacteria considered 
were reduced continuously. The reduction rates were: 
bifid bacteria > coliform bacteria > enterococci. 
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It is estimated that in the United States bloat in 
sheep, beef cattle, and dairy cattle results in a loss of 
40 millions of dollars annually (Dougherty, 1956). 
Despite these losses, relatively little fundamental re- 
search has been done, especially on the microbiology 
of the bloated rumen. Yet, there is evidence that the 
microbiota of the rumen plays an important role in 
the etiology of bloat (Hungate et al., 1955; Johns, 
1955). Barrentine et al. (1956), Thomas (1956), and 
Johnson et al. (1958) showed that bloat can be con- 
trolled by antibiotic administration. Recently Gutier- 
rez et al. (1958), reported that polysaccharide slime 
production by rumen microorganisms contributes to 
a stable froth formation which interferes with the 
normal eructation of fermentation gasses and therefore 
contributes to the conditions known as “frothy bloat.” 

A major problem in the controlled study of bloat 


1 Scientific paper no. 1809, Washington Agricultural Experi- 
ment Station, Project no. 1472. 

2 Department of Bacteriology and Public Health, Pullman, 
Washington. 

3 Department of Animal Science, Pullman, Washington. 


has been the lack of animals which one can predict will 
bloat. This difficulty, however, can be overcome by 
the use of certain types of dwarf beef cattle in which 
chronic bloat is an inherited characteristic (Gregory 
et al., 1951). Dwarf cattle therefore offer an excellent 
experimental tool for the study of the microbiology 
of bloat because of the frequency and severity of 
bloat in these animals. The cause of this type of 
bloat has not been studied, but it has been assumed 
to be a result of their distorted anatomy (Cole and 
Colvin, 1955). 


MATERIALS AND MetTHops 


Thirty-six horned and polled Hereford, homozygous 
dwarf calves of both sexes were assembled at the 
Washington State Experiment Station, Pullman, Wash- 
ington. These dwarfs were from commercial and pure- 
bred 1957 and 1958 calves; the dwarfs were either 
bloaters, potbelly, or normal belly. Some of the dwarfs 
did not show the external characteristics of dwarfs 
(undershot jaw and dish-faced); these were classified 
as dwarflike. Six normal growing control animals of 
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comparable age were also available. All animals were 
fed twice daily at 7 a.m. and 5 p.m. on a constant 
ration of 25 concentrate (grain) and 1g good quality 
alfalfa hay. They were housed in semiopen shed barns 
with free access to water. 

The body circumference of the bloater dwarfs was 
measured once daily before the morning feed and 
drink. The standard circumference for each individual 
animal was considered to be the smallest circumference 
measured. The increase above standard reflected the 
severity of bloat. 

Rumen samples were taken from all animals at 9 
a.m., 2 hr after feeding. This interval had been shown 
to be the optimum by previous preliminary experiments. 
A plastic stomach tube with an internal diameter of 
‘4 in. was used to obtain the samples from the dwarfs. 
This tube was considerably smaller than those used 
for the controls because of the smaller esophagus of the 
dwarfs. Rumen samples were obtained with the aid of 
a 500-ml suction flask, and a small hand pump. Care 
was exercised to prevent excessive dilution with saliva. 
Samples were obtained over a period of several months, 
but 44 of the samples were taken in an intensive 
study during a period of 14 days. As soon after sampling 
as possible, the samples were transported to the lab- 
oratory under anaerobic conditions. In the laboratory 
the pH was recorded, using a glass electrode potentiom- 
eter, and samples were examined microscopically 
for the abundance of protozoa and their activity 
(motility). A subjective appraisal of the samples was 
made at this time (Dyer and Fletcher, 1958). 

The fermentation rate was measured by the mano- 
metric technique of Hungate et al. (1955). Ten-g 
samples of rumen contents from each animal were 
weighed into duplicate 160-ml flasks. A 1-g sample of 
the powdered ration was added to each flask to provide 
an excess of substrate. The flask contents were diluted 
with 30.0 ml of a balanced salt solution having the 
following percentage composition: NaHCOs, 0.5; CaCl, 
0.001; (NH4)SOx, 0.05; KH2POs, 0.05; NazsHPO,, 0.05; 
and MgSO,, 0.01; in tapwater (Hungate et al., 1955). 
The vessels were attached to the manometers and 
placed in the water bath at 38.9 C; the air within the 
flasks and manometers was displaced with 100 per 
cent carbon dioxide. In all experiments, pressure 
changes were recorded at 214-min intervals and read- 
ings were taken over the first 20 to 30 min of the experi- 
ment. To stop the fermentation, 6 N H.SO, was placed 
in the side arm of the flask. Methane was determined 
as residual gas after absorption with 1 per cent NaOH. 


RESULTS AND DISCUSSION 
The Bloater Dwarf 


The bloat in dwarfs apparently is not due to foaming 
of the rumen ingesta; passing a stomach tube will 
quickly deflate the animal and orally administered 
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vegetable oils were ineffective in preventing bloat. The 
gross anatomy of the esophagus did not give any 
apparent evidence for the failure to eructate (Hafez, 
unpublished data). 

There was a diurnal bloat cycle. This was represented 
by diurnal variations in the circumference of the 
bloater dwarf (figure 1). The fastest rate of gain in 
circumference occurred 2 hr after the morning feeding. 
Maximum fermentation rate was also observed in 
samples obtained 2 to 3 hr after morning feeding. 
But maximum bloat score occurred 12 hr after the 
morning feeding. The diurnal variation in the degree of 
bloat was almost identical in the 3 days of observation. 
The variation in the degree of bloat appears to be asso- 
ciated with specific changes in the activity of the rumen 
microbiota in relation to feeding time. 

Body circumference was measured daily for 8 succes- 
sive months. The increase in body circumference over 
the standard circumference (smallest body cireum- 
ference recorded for an individual animal) is plotted 
in figure 2. There was no apparent cyclic variation in 
the severity of bloat as judged by circumference 
measurements; however, these measurements tended 
to be higher in the summer than in the winter months. 


Microbiological Studies 


Visual examination of samples of rumen contents 
from bloated dwarf and normal nonbloated animals 
revealed some consistent and striking differences. Sam- 


a 
[=) 
2 
> 
10-4 
WwW 
2 
= 
> 
WwW 
o| 
& 
9 3 6 9 
am. p.m. 
TIME 


Figure 1. The daily bloat cycle in bloater dwarfs as recorded 
on 3 successive days in relation to feeding time. The severity 
of bloat is manifested a few hours after feeding. 
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INCREASE IN CIRCUMFERENCE OVER STANDARD ( Inches) 
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Figure 2. Irregular nature of the daily bloat score as judged by body circumference measurements on 120 successive days in four 


bloater dwarfs. 


ples obtained from bloated dwarfs were more homo- 
geneous, more viscous, contained more liquid and less 
solids, and appeared as if digestion of the feed was 
complete and that microbial activity had ceased. Solid 
material present in such samples had undergone exten- 
sive digestion and bore no resemblance to the original 
feed. In contrast, samples from normal animals con- 
tained large amounts of fibrous material which was 
easily recognized as undigested feed. These samples 
contained less fluid and, on standing, separated into 
three layers: (a) the coarse foodstuff carried to the 
top of the samples by the fermentation gases, (b) a 
middle layer of fluid, turbid with bacterial cells, and 
(c) the bottom fraction which contained the more 
digested food particles and protozoa. Samples from 
bloated dwarfs separated into two layers: (a) the top 
layer, primarily fluid with suspended bacterial cells, 
and (b) the bottom layer of digested food particles. 
Very little fermentation gas was produced and the 
layer of protozoa was absent. These observations in- 
dicated a difference in the microbial population of the 
two samples. 

The microbiological data, which include information 
concerning the number and kinds of rumen protozoa, 
fermentation products, and the rate of product forma- 
tion, are grouped into the four animal categories: 
bloater dwarfs, nonbloater dwarfs, dwarflike animals, 
and normal controls. 


Protozoa. The statistical score of protozoa abundance 
was much lower in the bloater than in the nonbloater 
dwarfs, dwarflike, or the control animals. In most 
cases the protozoa were absent in the bloater dwarfs 
and, if present, only one genus was observed. Dasytrichae, 
when present, appeared in greatly reduced numbers and 
showed sluggish motility. There was no significant 
difference in abundance or motility (activity) of pro- 
tozoa among the remaining animal groups. 

pH in vitro. Although pH measurements in vitro 
of rumen contents are not reliable indicators of the 
pH in situ, such measurements do indicate to some 
extent the fermentation-acid content of the sample. 
The pH of rumen contents from bloated dwarfs meas- 
ured 2 hr after feeding was significantly lower than the 


TABLE 1 


pH of rumen contents from bloated dwarf and normal 
nonbloated cattle 


Animal No. | Group Time of Sampling pH 

347 Dwarf 7 6.8 
339 | Dwarf 7 7a 
329 | Normal 7 6.4 
347 | Dwarf 9 5.5 
339 | Dwarf 9 5.2 
242 | Normal 9 6.6 
6.5 


329 Normal 9 
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pH of rumen contents from normal nonbloated animals 
measured at the same time (table 1). These results 
suggest greater acid production in the bloated dwarf 
rumen or an inability of the animal to absorb the 
fermentation acids produced in the rumen. 
Fermentation rate. Table 2 shows the rate of fermenta- 


TABLE 2 


Fermentation rate of rumen contents from bloated 
dwarf and nonbloated normal cattle* 


Bloated Dwarf Nonbloated Normal 


Animal No. | Rate of fermentation | Animal No. | Rate of fermentation 
mm mm Hg/mint 
347 0.7, 0.3 | 329 1:5 
339 0.6, 0.5 | 210 12; 12 
327 0.5 | 
| 
0.5 | 


* Ten-g rumen contents in 30.0 ml of balanced salt solution 
containing 0.5 per cent NaHCO ;. Rates determined after the 
first 20 min incubation. 

+ Values obtained from different rumen samples on dif- 
ferent occasions. 


TABLE 3 


Effect of sampling time on the rate of fermentation of 
rumen contents from bloated dwarf and nonbloated 
normal cattle 


| 
Animal No. | Group | “pling after | Substrate ce 

| hr | | mm Hg/min 
339 | Dwarft | 12 | None | 0.5 
329 | Normal | 12 None 0.7 
339 | “Dwarf 3 | None 0.5 
329. | Normal 3 | None 
339 | Dwarf* | 12 | Ration | 3.5 
329 | Normal | 

| 


* Animal not bloated at the time of sampling but bloated 
within 1 hr after feeding. Rates determined after the first 
20 min. 
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tion of rumen contents from bloater dwarfs and normal 
animals in the absence of additional substrate. The 
large difference in fermentation rate was assumed to 
be due to a lack of fermentable substrate in samples 
obtained from bloater dwarfs. To determine any signifi- 
cant difference in fermentation rate, the rate limiting 
factor was eliminated. To accomplish this, an excess 
of substrate was routinely added to all samples, thus 
assuring that any difference in fermentation rate would 
reflect a difference in the microbial population. 

In the presence of excess substrate, the fermentation 
rate in vitro of bloated rumen contents is significantly 
greater (2.8 mm Hg per min) than the normal control 
(1.6 mm Hg per min) (table 4). The results of a typical 
experiment are shown in figure 3. Such findings were 
expected; the observation that rumen contents from 
bloated dwarfs contained little substrate at the time 
of sampling would indicate a greater fermentation 
rate in vivo, since both groups of animals were fed at 
the same time. It is, however, possible that the lack of 
microbial substrate in the bloater dwarf rumen was due 
to the inability of the animal to continue feeding after 
the onset of bloat. It is also possible that the normal 
animal continues to feed over an extended period, thus 
insuring the continued presence of fermentation sub- 
strate. The observation of animal feeding habits tenders 
this postulate unlikely, since both groups ate 90 to 100 
per cent of their feed within 1 hr after feeding. 

To further reduce the effect of substrate concentration 
on the fermentation rate, the activities of rumen samples 
from bloater dwarfs and normal controls were obtained 
prior to morning feeding. The fermentation rates were 
determined both in the absence (endogenous) and in 
the presence of excess substrate. Table 3 shows that the 
endogenous fermentation rate of normal control animals 
is greater than that of the bloater dwarfs. This result 
suggests a greater microbial population in the normal 
rumen. But, since in the presence of excess substrate 
the activity of the rumen contents from bloater dwarfs 
is significantly greater (table 4), evidently there is a 


TABLE 4 
Protozoa abundance, activity, and fermentation rate* in experimental animals 
| Nonbloater Dwarf Bloater Dwarf Dwarflike Control : ‘ 
| Statistical at 1% 
7 | ve 
| Range | Mean | Range | Mean Range | Mean Range Mean 
| | 
Protozoa abundancet............ | 1-3 | 2.3 | 0.5 2-3 | ye 3.0 | Highly significant 
Protozoa motilityt...............) 1-8 2.1 mi : | 1.0 23 | 2.5 1-3 2.5 | Significant 
Total AHt (mm He/min). .1-2.6 | 1.8 | 1.7-3.4 | 2.8 | 0.7-2.0 | 0.5-2.7 1.6 | Significant 
AH acid/min.. 0.9 | 0.8-2.4|; 1.9 | 0.4-1.3 | 0.8 | 0.5-1.6 | 1.1 Significant 
uM acid/min....... 6.73 | — | 14.20 — | 5.96 8.22 | Significant 
AH mm Hg/min co | | 
0.2-1.8 | 0.8 0.6-1.5| 1.1 | 0.7-1.2| 1.0 | 0.0-1.6 | 0.8 
| | | 


* Manometric procedures: 10 g rumen contents, 1.0 g ground alfalfa hay, and 30 ml salt solution in vessel. 
+ Visual estimate. 
t Total fermentation products. 
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Figure 3. Rate of formation of total fermentation products in vitro. Each curve represents one experimental animal. The fermenta- 


tion rate was higher in the dwarfs than in others. 


greater potential activity per cell and/or physiological 
group of cells in the rumen of the bloater dwarf. Part 
of the reduced endogenous fermentation in bloater 
dwarf rumen contents is tentatively explained by the 
absence of protozoa. According to Gutierrez (1955), 
protozoa are responsible for approximately 20 per cent 
of the fermentation acid produced in the normal rumen. 
The protozoa undoubtedly contribute significantly to 
the endogenous fermentation of normal rumen contents 
because of their ability to store large amounts of 
amylopectin during periods of active fermentation. 

The effect of defaunation of the protozoa from the 
rumen and the subsequent effect on the bacterial 
population must also be considered. This may be 
important because the protozoa feed from this popula- 
tion (Oxford, 1955). This relationship may play a more 
significant role in maintaining the normal biotic balance 
than heretofore suspected, especially since the protozoa 
have been shown to feed selectively from the bacterial 
population (Gutierrez, 1958). Loss of the protozoan 
population in bloated dwarfs may thus allow a particular 
physiological group(s) of bacteria to become dominant 
and create a shift in the proportion of normal fermenta- 
tion products. 

Fermentation products. A shift in the proportion of 
fermentation products does occur. The average rate of 
acid production was 14.20 um per min in the bloater 
dwarf as compared with 8.22 um per min in the normal 
controls. This was significantly higher than in the 
other two groups (table 4). The fermentation rate for 
metabolic carbon dioxide and methane production 
showed no significant differences, among the four experi- 
mental groups. These results verify the indicated dif- 
ferences in the microbial population present in the 
bloated dwarf and the remaining groups. Increased 
acid production by rumen bacteria would increase 


the amount of liberated bicarbonate-bound carbon 
dioxide, thus creating a greater gaseous pressure in the 
bloater dwarf animal. Although it is impossible to 
state whether the increased fermentation rate, in- 
cluding the greater acid production, is a cause or a 
result of bloat in these animals, it is certainly a factor 
which is obviously associated with the condition. Hun- 
gate et al. (1955) showed that the rate of fermentation 
per g of rumen contents from bloated animals was also 
significantly higher than in unbloated animals grazing 
on the same clover pasture. But it was also reported 
that the proportions of acid, methane, and carbon 
dioxide were similar for the two groups. 

Experiments are now being conducted to determine 
any qualitative or quantitative differences in the rumen 
bacterial population of the bloater dwarf, the non- 
bloater dwarf, and the normal control. 
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SUMMARY 


Measurements of changes in body circumference in 
homozygous dwarf Hereford cattle show that a diurnal 
bloat cycle is present. Increase in body circumference 
is associated with maximum microbial fermentation 
rate. Holotrichous protozoa in bloater dwarfs were 
either absent or in greatly reduced numbers, and 
showed sluggish motility. In nonbloater dwarfs, dwarf- 
like animals, and in the normal controls, the protozoa 
were active and abundant. The fermentation rate of 
bloater dwarfs, as determined by short term mano- 
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metric procedures, was significantly greater than rumen 
contents from the other animal groups. The rate of 
volatile acid production was significantly greater in the 
bloater dwarf, but there was no significant difference 
in metabolic carbon dioxide or methane production. 
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In a previous publication (Ng et al., 1957) evidence 
was presented to show that organisms resistant to 
chlortetracycline (CTC) were present in significant 
numbers only in poultry processing plants using this 
antibiotic. One of the questions left unanswered at that 
time was whether the resistant organisms arose from 
the resident nonresistant population through training, 
or whether the antibiotic selected for resistant organisms 
which were either already present in very small num- 
bers or introduced into the plant. 

English and Gelwicks (1951) have shown that, in the 
case of oxytetracycline (OTC), the development of 
resistance in vitro is a step-wise process similar to that 
observed with penicillin (Demerec, 1945). This behavior 
is contrasted to the one step mutation with streptomycin 
where high resistance may be obtained by only a few 
exposures to a low concentration of the antibiotic 
(Miller and Bohnhoff, 1946). Cross-resistance between 
the tetracyclines has been demonstrated for many 
organisms (Schnitzer and Grunberg, 1957) and in 


particular for organisms producing spoilage of refrig- 
erated poultry (Walker and Ayres, 1958). On the basis 
of evidence for step-wise resistance development to 
OTC and cross-resistance of the tetracyclines, it was 
reasonable to expect that the organisms responsible 
for spoilage of refrigerated poultry would acquire re- 
sistance to CTC in a step-wise manner. This study was 
designed to determine the validity of this hypothesis 
and the ease with which these spoilage organisms could 
be trained for resistance to CTC. 


MATERIALS AND METHODS 


The 25 cultures used in this study were obtained 
from spoiled refrigerated poultry. These isolates in- 
cluded 20 cultures belonging to the genus Pseudomonas, 
4 which belonged either to the genus Achromobacter 
or Alcaligenes, and 1 strain of Aeromonas. In the serial 
transfer procedure, loopfuls (3 to 4 mm diameter) of the 
selected cultures were transferred into a nutrient broth 
medium containing progressively increasing concentra- 
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tions of CTC (usually double the previous concentra- 
tion). A culture was not transferred into a higher con- 
centration of CTC until good growth was obtained at 
the prevailing level. If growth did not occur within 
5 days the tube was reinoculated. Training began at a 
concentration of 0.01 ppm CTC. All cultures were 
incubated at 20 C. At the end of the training period the 
cultures were streaked out on nutrient agar plates 
containing concentrations of CTC ranging from 0 to 
480 ppm. (The problem of solubility of CTC in nutrient 
broth prevented the use of concentrations above 480 
ppm.) Then well isolated colonies from the plates con- 
taining the highest concentration of antibiotic were 
transferred to nutrient agar slants. After a suitable 
period of incubation, both: the eriginal and trained 
cultures were assayed for antibiotic resistance with 
a modified replica plating technique (Ng et al., 1957). 
The assay plates were incubated at 4.4 C. Antibiotic 
concentrations incorporated in the nutrient agar were 
0.25, 0.5, 1.0, 2.0, 4.0, 8.0, 15, 30, 60, 120, 240, and 
480 ppm. 

The simple turbidostat used consisted of a 42.5 by 
2.5 em column fitted with an aerator and an overflow 
tube as shown in figure 1. When filled to the over- 
flow level, this apparatus contained about 100 ml of 


COTTON PLUG 


COLUMN 
425% 2.5 \ 


SINTERED | 


Figure 1. Turbidostat 
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medium. The training in the turbidostat was done at 
room temperature. The initial concentration of CTC 
used in the turbidostat was 0.01 ppm. This amount 
was increased (generally 2-fold) only when good growth 
occurred within 24 hr. After growth, aeration was 
stopped and the nutrient broth displaced by the addi- 
tion of 100 ml of fresh medium containing the ap- 
propriate concentration of CTC. The large inoculum 
carried over (5 to 10 ml) is the main advantage of using 
the turbidostat. Samples were withdrawn during the 


operation of the turbidostat and streaked on nutrient 
agar plates containing various concentrations of the 
antibiotic and then incubated at 20 C. The culture was 
considered resistant to the particular concentration of 
antibiotic if it grew as well in its presence as on nutrient 
agar without CTC. 

All trained cultures were compared with the parent 
strain on the basis of six tests: (a) growth at 37 C; 
(b) growth at 4.4 C; (c) reaction in litmus milk; (d) 
fermentation and production of acid from glucose; 
(e) motility; and (f) gelatin liquefaction. These tests 
were performed according to the procedures recom- 
mended in the Manual of Microbiological Methods 
(SAB, 1957). 


RESULTS AND Discussion 


Evidence is presented in figure 2 to demonstrate 
the step-wise acquisition of resistance to CTC. In the 
one case Pseudomonas culture W A7, originally resistant 
to 4 ppm, when exposed to 15 ppm became resistant 
to that concentration after only 2 transfers and even- 
tually became resistant to 480 ppm CTC. In the other 
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Figure 2. Development of resistance by serial transfer into 
increasing concentrations of chlortetracycline. 
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TABLE 1 


Level of resistance attained by serial transfer into increasing concentrations of chlortetracycline (CTC) 


Exposed* 


Nonexposed 


Norio ee of resistance | Maximum level of resistance | 
Culture no. Genust hy Culture no. Genus | 
Before training 'After training | Before training, After training | 
1PT4 P <0.25 | 4 >16 1P1 | P <0.% | 2 _ 
1PC3 P <0.25 | 0.5 1P5 OP <0.25 | 2 >8 
2PC4 P <0. | 4 >16 37M | P <0.25 | 1 | >4 
WA6 P <0.25 0.5 >2 | a | | 0.5 | >2 
2PC3 P <0.25 | 2 >8 3P8 P| <0.25 2 
WA7 P 4 >480 >120 2P5 A <0.25 0.25 >1 
Ws P 1 240 240 1P4 | A | <0.25 <0.25 | 1 
A4 P 1 120 120 2P4 | |) <0.25 1 
TS P 4 120 30 | | 
WX7 P 4 120 30 | | | 
WT9 P 1 120 120 | | | 
WAS P 2 30 15 | | 
AS 4 60 | | 
Wag P 5 >480 >32 | | 
wc7 | P 15 120 8 | | | | 


7 P = Pseudomonas; A = Achromobacter-Alcaligenes. 

case Pseudomonas culture WA6, originally sensitive 
to even 0.25 ppm, when exposed to 15 ppm (after 
serial transfer up to 0.64 ppm) did not become resistant 
to that amount of CTC even after 10 transfers but 
instead acquired resistance to only 0.5 ppm. The 
third example in figure 2 (culture 1P4) although even- 
tually exposed to a concentration of 2.0 ppm was still 
sensitive to 0.25 ppm CTC. 

The results obtained by use of the serial transfer 
technique are summarized in table 1. The Aeromonas 
culture and one Pseudomonas culture, after training, 
could not grow or grew poorly at 4.4 C so they were 
not assayed for resistance and therefore are not in- 
cluded in the table. The highest level of resistance ob- 
tained by the cultures originally sensitive to 0.25 
ppm was 4.0 ppm (cultures 1PT4 and 2PC4). Two 
cultures in this group (1P4 and 2P4) developed no 
resistance to even 0.25 ppm CTC. The maximum level 
of resistance obtained by the cultures isolated from 
spoiled poultry which had never come in contact with 
CTC (nonexposed) was 2.0 ppm. , 

Among the cultures originally resistant to 1 ppm 
or more of the antibiotic, 2 cultures became resistant 
to at least 480 ppm and 8 out of 10 cultures became 
resistant to 120 ppm. All of the cultures in the latter 
group showed increased resistance after training; the 
maximum increase being 240-fold and the minimum, 
8-fold. 

It appears that it is more difficult to train cultures 
sensitive to 0.25 ppm CTC than those which are al- 
ready resistant to this concentration. However, no 
conclusion can be drawn concerning the real increase 


Exposed = » from spoiled birds directly or indirectly to tetracycline antibiotics. 


TABLE 2 


Assay of resistance to chlortetracycline (CTC) during 
growth in a modified turbidostat 


Conc of CTC (ppm) at the Time of Sampling 
CTC* (ppm) 


1.6 64 


| 


| 0 
| 


3.0 - | -| -| 


+ 
+ 


* Concentration of the CTC in the assay medium. 

7 + = Growth equivalent to that on antibiotic free medium 
at 20 C; + = growth less than that on antibiotic free medium 
at 20 C; and — = no growth. 


in resistance because the minimal inhibitory concen- 
tration for the sensitive cultures was not determined. 
Nevertheless, it can be stated that in general the higher 
the initial resistance of the culture the higher will be 
the final resistance after the training period. 

Further evidence for the slow step-wise increase in 
resistance is presented in table 2 where the results are 
shown for the assay of the samples taken during 3 
months of training of culture 2P4 in a turbidostat. 
Although the final isolate was recovered from the 
medium containing 9 ppm of CTC, the culture was 
resistant to only 1 ppm when assayed by the replica 
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plating technique at 4.4 C. However, this was a higher 
level than that obtained with the same culture by the 
serial transfer technique (table 1). 

On the basis of the six differential tests used, 17 of 
the cultures isolated after training were identical to 
the parent strain, 5 differed by one character only and 
3 by two characters. As determined by the other five 
tests, the Pseudomonas culture that grew poorly at 
4.4 C was otherwise identical to the parent strain. The 
Aeromonas isolate differed from the parent strain not 
only in its inability to grow at 4.4 C, but also in its 
reaction in litmus milk. No correlation could be found 
between loss or gain of a taxonomic characteristic and 
development of resistance to CTC. 

Since it was observed in the present study that 
microorganisms acquire resistance to CTC in a step- 
wise manner and that highly sensitive organisms are 
difficult to train, it is unlikely that resistant organisms 
in a poultry processing plant result from training of the 
resident nonresistant population. A more likely ex- 
planation is that there is an active selection for the 
small number of resistant organisms already present 
and that conditions in the plant are such that multiplica- 
tion can occur. The validity of this hypothesis is being 
determined. 
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SUMMARY 


Twenty-five cultures isolated from spoiled poultry 
meat were subjected to a training procedure by serial 
transfer into increasing concentrations of chlortetra- 
eycline (CTC). In general, it was found that the level 
of resistance attained after a given number of transfers 
was dependent upon the initial resistance of the culture, 
Several cultures resistant to at least 480 ppm of CTC 
were obtained. Evidence is presented to show that the 
development of resistance to CTC is a step-wise process, 
When the trained cultures were compared to the parent 
strains on the basis of six different characteristics, the 
majority were identical. No correlation could be shown 
between a change in characteristic and development 
of resistance. 
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Gibberellic acid, a metabolic product of the fungus 
(ibberella fujikuori, has been intensively studied during 
the past few years for its remarkable effects on cell 
elongation, flowering, and dormancy in higher plants 
by Brian and Grove (1957), Brian (1958, 1959), Phinney 
et al. (1957), Bukovae and Wittwer (1958), Stodola 
(1958), and Stowe and Yamaki (1957, 1959). There is, 
however, little information concerning its influence on 
microorganisms. Brian et al. (1954) reported that a 
number of common bacteria and molds were un- 
affected by the acid, although the acid was rapidly 
decomposed in soil, presumably by microorganisms. 
Lu et al. (1958) found that gibberellic acid increased 
numbers of Azotobacter chroococcum in a sandy loam 
soil; subsequently Lu and Bollen (1958) observed that 
50 ppm Gibrel,’ a water-soluble potassium salt of 
gibberellic acid, hastened decomposition of native and 
added organic matter and stimulated nitrogen fixation 
by Azotobacter in this soil. Since heterotrophic micro- 
organisms as well as higher plants, which are auto- 
trophic, are known to be influenced by Gibrel, it 
became of interest to determine what effect this sub- 
stance had on the activities of autotrophic bacteria 
in the soil. Experiments on nitrification and sulfur 
oxidation therefore appeared desirable. These auto- 
trophic processes are not only carried on by a physio- 
logically distinct class of bacteria but they also are of 
great importance in soil fertility. The rate and extent 
of these transformations are influenced by environ- 
mental factors, which are in part determined by soil 
type. Therefore, 11 different soils representing a wide 
range of conditions and geographical locations in the 
state of Oregon were selected for the investigation. 


MATERIALS AND METHODS 


Samples of nine soils were obtained from the upper 
7 in. of the surface of the ground. The soils used were 
portions of samples collected by the Soils Department 
for studies on the relationship of soil properties to 
chemical reactions and other phenomena involving 


1 Gibrel is the trade mark registered by Merck & Co., Inc., 
Rahway, New Jersey, for technical grade water-soluble potas- 
sium salt of gibberellic acid. 

2 Technical paper no. 1253, Oregon Agricultural Experi- 
ment Station, Corvallis, Oregon. Supported in part by research 
grant E-2083 from the U.S. Public Health Service. 


31 


sulfur. Pertinent data of Chao, Harward, and Fang* on 
the characteristics and properties of these soils are 
included in table 1. Because field samples had to be 
collected over a period of several months in ‘the spring, 
they were air-dried, screened through a 2-mm sieve, 
and stored in polyethylene cartons for subsequent use. 
The pedological, physical, and chemical characteristics 
of the soils are shown in table 1. Two fresh soils were 
also obtained to determine any difference in response 
that could be due to air drying. Characteristics of 
these fresh soils are shown in table 2. 

Moisture was determined as loss in weight by drying 
samples at 105 C for 24 hr. 

Moisture capacity was calculated from the amount 
of water retained by samples in Gooch crucibles wetted 
from below by immersion and then allowed to drain to 
constant weight in a moisture saturated atmosphere. 
Sixty per cent of this value, which corresponds to 
approximately field capacity as calculated from 14 to 14 
atmosphere moisture tension, was selected as the 
optimum for incubation. 

Organic matter was determined by the Walkley 
and Black (1934) rapid titration method. 

pH. A soil to water ratio of 1:5 was used. Ten g 
soil, dry weight basis, and 50 ml distilled water were 
stirred in a 100 ml beaker and, after coarse particles 
had settled, readings were made with a model N 
Beckman! pH meter using a glass electrode. 

NO;--N. Harper’s (1924) phenoldisulphoniec acid 
method was modified by use of ammonium carbonate to 
precipitate the excess calcium hydroxide remaining 
in solution after clarification. 

NO. -N. Nitrites were determined by the APHA 
(1955) method, using a filter photometer. 

Kjeldahl-N. This was determined by the AOAC 
(1955) method. 

Exchange capacity and exchangeable cations were 
determined by the ammonium acetate method of Schol- 
lenberger and Simon (1945). 

Numbers of microorganisms were determined at the 
end of 15 days on soil samples from the nitrification 
experiments by plating procedure. Peptone glucose 


3 Appreciation is expressed to T. T. Chao, M. E. Harward, 
and S. C. Fang, Oregon Agricultural Experiment Station, for 
furnishing soil samples and permitting use of their data. 

4 Beckman Instruments, Inc., Fullerton, California. 
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acid agar was used for molds, and sodium albuminate 
agar was employed for bacteria and _ streptomyces 
(Waksman and Fred, 1922). 

Nitrification study. Fifty-g portions of soil, dry weight 
basis, were used in half-pint milk bottles in duplicate 
for each treatment. The treatments with and without 
50 ppm Gibrel included soil only, soil plus calcium 
carbonate (precipitated chalk), and ammonium sulfate 


[VOL, 


(CP) at 300 ppm N with 105 mg additional calcium 
carbonate added to neutralize acidity produced by 
nitrification of the ammonium sulfate. 

Calcium carbonate was added to each soil, except 
the alkaline Wingville soil, at the Woodruff (1948) 
lime requirement. However, because of the high cation 
exchange capacity and low base saturation of the 
Aiken clay and the two coastal soils, the amount 


TABLE 1 
Pedological, physical, and chemical characteristics of soils* 
Moisture Nitrogen Exchangeable 
Soil Series and Parent Great Soil |, | Organic pation | sor 
Classt Materialt Groupt | quirement? | Mattert Ratio Capacity | 
Capac- -.-| Kiel- | | 
Amt Capa K ca | 
% % tons/acre | ppm % | & | mEq./100 g mEq/100 g | ppm 
Deschutes Pumice Regosol 3.7 | 27.0 | 6.3 0.5 9 0.08 1.57) 11.4) 9.69 | 0.60; 5.20) 19 
sandy loam | 
Medford§ sandy Old allu- Prairie? 4.2 | 29.5 | 6.0 1.0 4/0.12 | 3.33 | 16.2] 11.60 | 0.43 | 8.50 | 27 
loam vium | 
Walla Walla Loess Chestnut 9.9 31.8 64 1.0 5 0.09 2.24) 14.4) 17.61 | 1.34| 8.35) 20 
silt loam | 
(cultivated) 
Walla Walla Loess Chestnut 4.9 40.6 6.9 0.5 240.13 | 2.28 | 10.2 | 18.76 | 1.538 | 11.00} 35 
clay loam | 
(virgin) | 
Astoria silty Sediment- Brown lat- 5.8 | 45.1 5.3 5.5 9 0.42 12.80) 17.7) 34.59 | 0.20| 1.63| 17 
clay loam ary rock osol | 
residuum | | 
Knappa loam Old silty Brown 12.6 | 52.5 | 6.2 4.5 7 0.74 | 18.32 14.3) 61.68 | 0.56 | 16.80 | 19 
alluvium latosol | 
Wingville loam Recent al- Humic gley 4.8 47.7 8.4 52 | 0.34 | 7.54 | 12.9 | 23.38 | 5.12 | 28.88 | 16 
luvium | 
Chehalis loam Recent al- Alluvial 4.4 38.1 5.8 1.0 27. (0.10) «2.19 12.7 21.00 | 0.59 | 11.10} 20 
luvium | 
Aiken§ clay Basalt re- Reddish 5.3 37.0 5.5 3.5 2 0.25 6.83 15.9) 26.72 | 0.14) 5.85 30 
siduum brown 
latosol 


* Samples collected by Mr. T. T. Chao, Soils Department, except Walla Walla soils by Mr. M. M. Oveson, Superintendent, Pendle- 
ton Branch Experiment Station. 
+ Personal communication from Dr. E. G. Knox, associate professor of soils. 
t Chemical analyses, except for pH, NO;-, and SO,-, from unpublished data of T. T. Chao, M. E. Harward, and S. C. Fang, 
Oregon Agricultural Experiment Station, Project 310. 
§ Names may be changed because of redefinition of the series. 


TABLE 2 
Characteristics of fresh soils used to determine effects of air drying 


Moisture Nitrogen 
Soil Series and Class Parent Material Great Soil Group = H 
Fresh Dry Kjeldahl | 
% % % ppm % 1 % 
Amity* silty clay loamt Colluvial material Disturbedt 8.9/1.7! 56.7 16.9! 9 | 0.22 7.71 20.4 
from basalt | 
Laughlin silt loam$ Sedimentary rock Noncalcie brown 16.8 1.9) 48.8 6.7) 2 0.18 2.91 9.6 


* Name may be changed because of redefinition of the series; mapped as ‘‘Amity”’ in 1924 Soil Survey of Benton County. 
+ Collected from garden plot, Corvallis. 

t Subjected to long continued cultivation and fertilization; upper horizons not distinguishable. 

§ Collected from Umpqua valley field by Dr. E. G. Knox. 
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of caleium carbonate added to these soils was increased 
to the rate of 8 and 24 tons per acre (2,000,000 pounds), 
respectively, to bring the pH to neutral. 

In each instance the required amount of soil was 
weighed and spread in a thin layer on a sheet of clean 
kraft paper. Where calcium carbonate was used the 
required amount was mixed with the dry soil by spatula 
and by rolling back and forth on the paper. The mixture 
was then transferred in two portions to the bottle. 
Enough distilled water, with ammonium sulfate and 
solutions of Gibrel where required, was added dropwise 
to each portion to bring the soil to 60 per cent of the 
moisture capacity. 

Gibrel was used at 50 ppm because this concentra- 
tion was previously found to maximally effect. soil 
respiration and Azotobacter (Lu and Bollen, 1958). 
A fresh solution in distilled water was prepared for 
each replication. Since Gibrel contains approximately 
10 per cent potassium, these treatments added 
5 ppm potassium in each case. The exchangeable potas- 
sium in the different soils ranged from 1.4 to 51.2 
equivalent ppm (Bollen and Neidig, 1927) (table 1) or 
from about 55 to 2000 ppm; it seems unlikely that the 
additional 5 ppm would contribute appreciably to the 
results obtained with Gibrel. 

The bottles were capped, weighed, and placed in the 
incubator at 28 + 1 C. Each cap was punctured with 
a 7-mm hole to provide aeration. Two replications were 
used in a completely randomized block design. Moisture 
loss was restored by weight at 2-day intervals. 

Soil from replicate bottles was analyzed at 15 and 30 
days for pH, NO.--N and NO;--N. The results are 
expressed as the means of the two replications, whose 
standard deviations of means ranged from 1.87 to 
5.30 per cent of the mean value. 

Sulfur-oxidation study. Flour sulfur at 1000 ppm was 
added to 50-g portions of soil, dry weight basis, mixed, 
and brought to and maintained at 60 per cent moisture 
capacity as in the nitrification experiment. Gibrel was 
added in aqueous solutions at 50 ppm. Duplicates of 
each bottle were randomly placed in the incubator at 
28 + 1 C. At the end of 45 days, sulfates were 
determined on a 0.001 n hydrochloric acid extract as 
recommended by Little (1956). The results had a 
standard deviation of 5.0 per cent, expressed as the 
means of two replications. 


RESULTS AND Discussion 


Gibrel added to the various soil types increased 
production of nitrates, in most cases, at the end of 
15 and 30 days (table 3), and markedly increased 
nitrification of ammonium sulfate in five of the soils. 
Only in Knappa loam was nitrification not increased. 
In all the other soils the effeet of Gibrel was most 
pronounced at the end of 30 days. Whereas nitrates 


increased with addition of calcium carbonate, the 
combination of Gibrel and calcium carbonate gave 
greater increases in all the soils. Lime in some form 
frequently stimulates nitrification (Brown, 1912; Fraps, 
1920; Waksman, 1927; Walker and Brown, 1935; Cole- 
man et al., 1958). Halversen (1928) observed increasing © 
beneficial effects of 3, 6, 9, and 12 tons of lime per 
acre on nitrification in Willamette silty clay loam soil. 
Gerretson and de Hoop (1957) found similar effects 
with two acid sandy soils. Since the autotrophic nitri- 
fying bacteria are sensitive to acidity and often inac- 
tive below pH 5.5 to 6.5, the influence of calcium car- 
bonate is largely attributed to its neutralizing effect. 

The Astoria and Knappa soils, which are high in 
organic matter, showed little nitrification without added 
calcium carbonate (table 3). These, like the Aiken 
soil, are relatively lower in pH, and soil acidity could 
be expected to be inhibiting. However, even with 
calcium carbonate added according to the Woodruff 
lime requirement, essentially no nitrification occurred 
in preliminary experiments, results of which are not 
tabulated. Incubation studies by Alban and Lin (1958) 
on the Astoria and one other coastal soil indicated 
that the actual lime requirement to raise the pH to 
7 was 17 to 24 tons per acre. Accordingly, the results 
in table 3 showing active nitrification for the Knappa 
and Astoria soils were obtained with calcium car- 
bonate at 24 tons per acre. The greater nitrate produc- 
tion by these soils when sufficiently limed is a reflee- 
tion of the exceptionally high organic matter and total 
nitrogen contents. Sievers and Holtz (1926) found that 
as the nitrogen content of Washington soils increased, 
the ability to accumulate nitrates increased also. Data 
by Gainey (1936) for ‘‘nonfertile” as well as for “fertile” 
Kansas soils showed that nitrate accumulation in 4 
to 6 weeks at room temperature was greater in soils 
higher in total nitrogen. 

On the two Walla Walla soils, Gibrel had a pro- 
nounced stimulating effect on nitrate production, 
whereas calcium carbonate alone had only little in- 
fluence, even on the more acid cultivated soil. These, 
like the other soils high in exchangeable calcium, would 
be expected to show little or no response to calcium 
carbonate additions. However, the cultivated Walla 
Walla silt loam soil showed better nitrifying power than 
the Walla Walla virgin clay loam; this could be the 
result of better aeration with lighter texture. Since 
these two soils are derived from similar parent material, 
this may be the significant factor in determining the 
marked response to Gibrel. 

The Deschutes and Medford sandy loam soils re- 
sponded quite differently to Gibrel but similarly to 
calcium carbonate. Nitrification in the Deschutes soil 
was increased more than 100 per cent by Gibrel. In 
the Medford soil, Gibrel exerted essentially no influence 
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probably because extensive nitrification occurred in place. A similar conclusion can be applied to the two 

its absence. The only soil characteristics that apparently loam soils. The higher pH of the Wingville loam, which 

ean account for this are differences in parent material shows more exchangeable calcium than cation exchange 

and climatic conditions under which development took capacity, could well be responsible for the greater 
TABLE 3 


Nitrification and the effect of CaCO; and Gibrel in different Oregon soils” 


| Increase in 


| Increaseat 
pH NOs-N NOs-N Nitrification Days Due 
| to Gibre 
30 Days 
15 days 30 days iSdays | 30 days 15 days 30 days Wsdays | 30 days | 


| In ro 


| Wit 
Gt G G | G G G | G |g] N | an — brelt 
ppm ppm [ppm ppm | ppm ppm % | % | % % | ppm | % ppm | ppm 
Deschutes sandy loam | 
Soil only............| 6.3 | 6.9 | 7.4/6.6/ 0| 1| 0| 50| 55| 80/ 
Soil + CaCO;....... 0} 2! 58| 80| 88| 110] | 22 | 8| 
Soil + NH,/2S80, + | 
CaCOs............, 7.5 6.8 8.4 7.4 10) 45/36) 36 68 97 380; 3) 6) 24 93 | 220| 69 | 80) 285 
| 1628 | 7:2) 4] 2] 31 67 Bl | 18 
Soil + CaCO;.......| 6.8 | 6.7/6.9) 0| 3| 5| 501 85| 72| 23 | 9] 44 
Soil + NH,/280, } | | 
CaCO;............| 7.0 | 7.0 | 6.4 | 7.0 | 11] 13] 16) 4 | 230 | 267 | 350 380 | 57 | 61 | 93 95) 30] 2 | 287 | 299 
Walla Walla silt loam | 
(cultivated) 
7.4; 0; 31 0 42 66 18 
Soil + NH,/2SO, + | 
68 107 175 300' 8 14 38 | 75 | 125 | 37 127 | 234 
Walla Walla clay loam | | 
(virgin) | | 
Soil only............| 6.8 | 7.5| 6.3/7.3) 0| 2| 0| O| 35| 33] 47| | 
Soil + CaCO;.......| 7.8 3) 7) 5, 9| 2 47) 62 12 | 17] 15 
Soil + NH,/:SO, + 
7.6 7.0 7.2 64) 8 15 11) 84 107 170) 280/18 2 40 73 110 | 33 | 137 | 233 
Astoria silty clay loam 
Soil only............| 5.2 | 0} 1] 0] 9] 13! 10] 13 | 3 
Soil + CaCO; ..| 7.5 | 7.6 | 7.2 | 7.2) 8 | 14) 52) 59] 150 | 50 | 90 | 137 
Soil NH,/2S0,; | | | 
1 7.0169) 8] Oi 61 73 12 28 200 16 | 125 | 222 
Knappa loam 
Soil only. ...........| 6.0 | 6.0 | 6.1 | 6.1 0; 4; 6 10| 33 68 38 
Soil + CaCO,.......| 7.6 | 7.4 | 6.9 | 7.3 | 10 | 14; 16 | 36 81 141 | 226 | 85 163 
Soil + NH,/:8O, + | | | 
CaCO;............| 7.2 | 7.2 | 6.9 | 7.0 | 23 | 23 | 22 | 28 | 115 | 140 | 487 | 503 | 26 | 20 | 100 | 92| 16/| 0 | 463 | 440 
Wingville loam | 
Soil only............ 8.7 8.1 86 86 0 3 0 3) 105 225 160 | 250 | 90 | 
Soil + NH,/:80, + | 
CaCO;............| 8.2 | 8.2) 7.6) 7.5) 4) 3); 9) 175 | 295 | 300 | 450 | 23 | 23 47 | 67 | 150 | 20 140 200 
Chehalis loam | | 
Soil + CaCO;.......; 7.1 | 6.9 | 5; 2} 2] 100| 107 | 31 6 18 
Soil + NH,/280, + | | 
CaCO;............| 7.4] 6.3 | 7.0| 6.2} 9| 8 | 14] 12] 170 | 190 | 300 | 360 | 34 | 75 84 | 60; 9 | 230; 271 
Aiken clay | 
Soil only............| 0} 1) O| 1{ 19] 32] 39) & 19 | 
Soil + CaCO;.. 60:1 6.7 }6.216.6! 2) 4] 3) 21 60 58: 70 | 12} 19 | 12 
Soil + NH, / S80, + 
§.6 | 6.5 | 5.7; 6.4; 67; 7/110; 1 2 4/13; 40) 9 31 52 


3 CaCO; added according t to W eodvall lime requirement, except for Asteria and Knappa soils which received 24 tons per acre 
to accord with field requirements. NH,/280, added at 300 ppm N; CaCO, added at lime requirement plus 2100 ppm to neutralize 
acidity from nitrification. 

+G = Gibrel added at 50 ppm. 
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nitrification as well as for the greater response to 
Gibrel. 

In view of the striking effects of Gibrel on nitrifica- 
tion in some of the soils and the lack of effect on others, 
the experiment was repeated on four of the soils which 
showed the most different results in table 3. As may 
be seen from table 4, good reproducibility was obtained, 
particularly with respect to the order of effect on 


GIBREL EFFECTS ON NITRIFICATION 


nitrification. Gibrel again stimulated nitrification to the 
greatest extent on the Deschutes sandy loam. A greater 
production of nitrates was obtained with Aiken clay 
in this second experiment because, in view of the 
low base saturation and high cation exchange capacity, 
calcium carbonate was used at a greater rate of 8 
tons per acre to attain a neutral reaction. 

Air drying and storage of soils is known to affect soil 


TABLE 4 
Reproducibility of results of 30-day nitrification experiment with Gibrel on four selected soils 
| pH | NO2-N NOs-N Nitrification at 
Soil and Treatment* | 
Without | With | Without | With | Without | With | Without | With | Nitrifi- | With With 
Gibrel | Gibrelt Gibrel | Gibrel Gibrel | Gibrel | Gibrel | Gubeet | | cation CaCOz | Gibrel 
| ppm ppm | ppm ppm | % % | Ppm % ppm | ppm 
Deschutes sandy loam | 
Soil + CaCO... 7.4 0 | 92 100 | 8 14 5 
Soil + NH,4/2S0, + CaCO. 7.3 | 2 | 2 168 375 | 25 92 | 207 67 280 
Knappa loam | 
Soil only. . 61 | 60) 2 | 5 28 69 41 | 
Gall + 70 | | | 89 123 171 
Soil + NH,4/2SO, + CaCOs. 7a) 2) 500 520-100 93 | 20 —7 472 451 
Wingville loam | 
Soil only... .... 4 | 160 | 240 | | 80 
Soil + NH,/280, CaCO. 7.5 8 8 270 «500 37 | 87 230 50 110 260 
Aiken clay | | | | 
Soil only... 54/59 1 385 19 
Soil + CaCO3.. 6.7 3 | 94 | 14 45 40 
Soil + NH,/:80, i CaCOs, ieee | 6.3 6.4 | 5 7 26 | 220 | 15 | 42 94 27 91 166 


. * CaCO; added according to Woodruff lime requirement, except for Knappa treated at 24 tons per acre and Aiken treated at 8 
tons pers acre to accord with field requirements. NH;/25O0, added at 300 ppm N; CaCO; added at lime requirement plus 2100 ppm 


to neutralize acidity from nitrification. 
+ Gibrel added at 50 ppm. 


TABLE 5 
Effect of Gibrel on 30 days nitrification in fresh and air-dried soils 


Increases Due Changes in Nitri- 


| pH NOs-N | NOs-N Nitrification to Gibrel cation by 
Soil and Treatment* | | A — 
| Without | With | Without | With | Without | With | Without | With INO,--N Nitrifi- Without | With 
G Gibrel | Gibrelt | Gibrel | Gibrel | Gibrel | Gibrel | Gibrel Gibrel cation Gibrel Gibrel 
| | ppm ppm | ppm ppm % % ppm % % % 
Amity silty clay loam | | | | 
1. Fresh soil (8.9% HO) | | | | 
Soil only. .... | 6.6 | 66 80 14 
Soil + NH,/280. + CaCOs.........| 6.2 | 60 | 8 | 10 | 349 | 380 4 10031 6 
2. Air-dried soil (1.7% | 
Soil only....... | 62 | 7 16 
Soil + NH./80, + CaCOs.........| 5.8 | 5.7 | 5 7 | 268 | 69 91 | 82 | 22 
Laughlin silt loam | | | | 
1. Fresh soil (16.8% H2O) | | | 
Soil only...... 2 | 60 | 70 10 
Soil + + CaCOs. 6 9 | 120 | 210 20 47 90 
2. Air-dried (1.9% HO) | | 
Soil only...... 1 3 | 40 60 20 
Soil + NH,/:80, -_ CaCOs. reeeek | 6.0 | 6.0 4 6 95 120 18 20 25 2 


+ Gibrel added at 50 ppm. 


14/280, at 300 ppm N; CaCO; added at 2100 ppm to neutralize acidity from nitrification. 
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properties and microorganisms and, in many cases, 
decreases the power to nitrification (Lebedjantzev, 
1924; Mortenson and Duley, 1931; Bharaucha and 
Wagle, 1957; and Harpstead and Brage, 1958). However, 
Fraps and Sterges (1932) found that nitrifying bacteria 
may remain in dry soil for many years and that the 
changes in nitrifying power due to air drying may be 
slight. In view of these observations, studies similar to 
those reported in table 3 were made on two soils in 
fresh and air-dried conditions. As soon as collected, 
the moist fresh samples, taken to a depth of 6 in., 
were sieved and divided into two portions; one portion 
was kept in a capped amber-colored bottle while the 
other portion was air-dried at room temperature for 
7 days. The moist and dried samples were then treated 
with Gibrel, calcium carbonate, and ammonium sulfate 
as previously described. Results after 30 days of incu- 
bation are shown in table 5. 

The fresh undried soils showed a greater production 
of nitrates and more nitrification than the corresponding 
air-dried soils. Although Gibrel increased nitrification 
in the air-dried soils, it increased it further in the fresh 
soils. The effect of Gibrel in stimulating nitrification was 
much greater in fresh Laughlin silt loam, a field soil 
with less organic matter and a narrower C:N ratio 
than in the fresh Amity soil (table 2). The latter showed 
a much greater production of nitrates and also a more 
pronounced effect from drying, except with addition 
of Gibrel. The greater nitrate production in fresh soils 
could be due to a greater original population of nitri- 
fiers, whereas air drying, through undetermined physi- 
eal, chemical, and microbial changes, could reduce 
nitrifying power. As in the previous experiment, it is 
apparent that the effect of Gibrel depends upon the 
nature of the soil. 

From table 6 it is apparent that in all the soils except 
Astoria silty clay loam there was an increase in sulfur 
oxidation with addition of Gibrel. The increase was 
greatest in Wingville loam. Even without added sulfur 
Gibrel stimulated sulfate production in all soils except 
the virgin Walla Walla. The effects of Gibrel do not 
correlate with pH, organic matter, exchange capacity, 
or texture. Even the Walla Walla soils derived from 
the same parent material showed divergent effects of 
Gibrel. Unknown factors, possibly different species of 
Thiobacillus, may be involved. 

The effect of Gibrel and calcium carbonate on num- 
bers of heterotrophic microorganisms as determined 
by plate counts are shown in table 7. These results 
were obtained on samples from the 15-day nitrification 
experiment and are the means of three replications 
run in duplicate. In eight of the nine soils, treatment 
with Gibrel increased the mold count 2 to 3 times. 
Calcium carbonate increased the counts considerably 
and markedly enhanced the stimulating effect of Gibrel 
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TABLE 6 
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Sulfur oxidation and the effect of Gibrel in different 


Oregon soils 


| 


Soil and Treatment | pH | SOS 
| 


Deschutes sandy loam 


| 
Soil + Gibrel 50 ppm....| 6.0 | 80 
Soil + 1000 ppm..... 5.1 | 605 
Soil + 8 1000 ppm + | 

Gibrel 50 ppm... ....) 4.9 | 725 

Medford sandy loam | 
Soil + | 5.6 | 65 
Soil + 1000 ppm..... (5.3 550 
Soil + S 1000 ppm + | 

Gibrel 50 ppm......... 4.6 675 

Walla Walla silt loam 

(cultivated) | 
Soil + Gibrel 50 ppm....| 5.4, 33 
Soil + S$ 1000 ppm..... 5.0 | 355 
Soil + S 1000 ppm + | 

Gibrel 50 ppm........, 4.7 | 400 

Walla Walla clay loam | | 

(virgin) | 


Soil + Gibrel 50 ppm....| 5.9 | 36 

Soil + S 1000 ppm..... | 5.5 | 

Soil + S 1000 ppm + | | 
Gibrel 50 ppm........ | 5.2 | 650 
Astoria silty clay loam 


Soil + Gibrel 50 ppm. ...| 5.6) 21 
Soil + S 1000 ppm..... | 5.5 | 275° 
Soil + S 1000 ppm + | | 
Gibrel 50 ppm........| 5.2 285 
Knappa loam | 
Soil + Gibrel 50 ppm...:| 6.1 | 20 
Soil + S 1000 ppm..... | 5.7 | 355 
Soil + S 1000 ppm + | 
Gibrel 50 ppm........ | 5.6 | 425 
Wingville loam 
Soil + Gibrel 50 ppm..... 7.9 85 
Soil + S 1000 ppm..... 6.9 350 
Soil + S 1000 ppm + | 
Gibrel 59 ppm........ / 8.0 900 
Chehalis loam 
Soil + Gibrel 50 ppm..... 6.0 36 
Soil + S$ 1000 ppm..... 5.4 | 509 
Soil + S 1000 ppm + | 
Gibrel 50 ppm........, 5.0 | 575 
Aiken clay 
Soil + Gibrel 50ppm.... 5.2 20 
Soil + S 1000 ppm..... 5.0 150 
Soil + S 1000 ppm + 


Gibrel 50 ppm........| 4.9 | 209 


| 


| Increase | Added | Increase 
in SO) Sulfur 
-S with  Oxi- xidation 
| ppm % | 
| | 
62 | | 
| 
| 
| 120 | 65 6 
| 32 | | 
| | 52 | 
| | | 
| 
| 125 | 61 | 9 
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except in the Astoria and Aiken soils. The effects of 
Gibrel on bacterial numbers were generally stimulating 
but less pronounced than with the molds; in some cases 
decreases were obtained, and the effects do not coincide 
with those shown for molds. Calcium carbonate signifi- 
cantly increased the bacterial counts only on the most 
acid soils and on these it considerably enhanced the 
influence of Gibrel. The percentage of streptomyces 
was increased by Gibrel in seven of the soils, whereas 
calcium carbonate effected increases in all except the 
Knappa loam. As with the molds, calcium carbonate 
enhanced the effect of Gibrel in increasing the numbers 
of streptomyces. A selective action of Gibrel on these 
higher bacteria was also apparent; dark amber colonies 
with distinctly rough margins predominated on plates 


TABLE 7 


Effect of CaCO; and Gibrelt on microbial numberst 
in different Oregon soils at 15 days of 


incubation 
Bacteria 
| Molds X 10-3 
Soil and Treatment* | 
| with-| | | | With | 
| 
Deschutes sandy loam) | | 
| 17 | 55 | 38 | 46 | 40 | 35 
Soil + CaCO. .... | 47 | 500 | 9 | 19 | 47 | 79 
Medford sandy loam | | 
Soil only.......... | 30/110 | 3 | 7 | 80 | 87 
Soil + CaCOs.....| 133 | 240 5 | 67 | 60 | 63 
Walla Walla silt loam | | | 
(cultivated) | 
Boilonly... 0.61.5 | 67 70 12 | 21 | 38 72 
Soil + CaCO;.....| 350 | 933 | 9 | 13 40 | 57 
Walla Walla clay loam 
(virgin) | 
| 45 103 24 | 31 43 42 
Soil + CaCOs...... 55 | 167 15 | 19 | 50 
Astoria silty clay | 
loam | | 
| 39 101 46 19 | 46 52 
Soil + CaCO;.... 130 170 98 119 52 | 59 
Knappa loam | | 
Bom only. nos... | 26 | 60 9 | 16 71 63 
Soil + CaCO;.....| 73 | 110 | 268 | 194 | 40 | 52 
Wingville loam | | 
POW | 101 | 170 14 37 50 62 
Chehalis loam | | 
Soil only.......... | 20 | 67 | 3 8 | 43 | 81 
Soil + CaCO;.....) 80 140 4 47 59 78 
Aiken clay | 


Soil only..........| 60 | 110 | 9 | 19 | 43 | 64 
Soil + CaCO;.....| 120 150 | | 55 7575 


* CaCO; added according to lime requirement (See table 1). 
+ Gibrel added at 50 ppm. 
t Means of three replications run in duplicate. 
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prepared from all the soils treated with Gibrel but 
they were rarely encountered on other plates. 

With the variety of soils studied it appears that 
Gibrel at 50 ppm generally increased molds, bacteria, 
and streptomyces. Few other investigations along this 
line have been reported. Lu et al. (1958) obtained some 
stimulations and some inhibitions with gibberellic acid 
added to a neutral sandy loam soil. While Stowe and 
Yamaki (1957) state that ‘‘no convincing action of the 
gibberellins has yet been shown on any organisms 
except higher plants,’”’ Barton and Fine (1958) found 
that gibberellic acid at 1000 ppm inhibited germination 
of spores of Alternaria fructicola spores. From the 
results of Lu and Bollen (1958) showing-that Gibrel 
increased decomposition of organic matter in soil, it 
could be inferred that microbial numbers were in- 
creased accordingly. The effects of Gibrel or gibberellins 
may be expected to be different on different microor- 
ganisms and under different conditions. Effects shown 
in a soil or in mixed culture may not be the same, 
quantitatively or qualitatively, with pure cultures. Our 
results show that the action of Gibrel on soil micro- 
organisms can vary from soil to soil, and emphasize the 
desirability of using a variety of soil types in studying 
the response of microbial activity to any addition or 
to any imposed factor. 

The fundamental mechanism whereby Gibrel and 
gibberellins produce their effects is unknown. It has 
been shown by Munekata and Kato (1957) that gib- 
berellin acted on germinating barley to give increased 
amylase, protease, and catalase activity. If similar 
action resulted with microorganisms, it would possibly 
increase growth rate and multiplication, and an in- 
crease in activity of oxidizing enzymes could account 
for enhancement of nitrification and sulfur oxidation. 

Barton (1958), in a review of the effects of gibberellins 
on plants, has indicated that studies on the mechanism 
of action are in progress. 
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SUMMARY 


Eleven Oregon soils representing a wide variety of 
parent materials, great soil groups, and different physi- 
cal and chemical properties were used in laboratory 
studies to determine the effects of Gibrel at 50 ppm on 
nitrification, sulfur oxidation, and plate counts of 
molds, bacteria, and streptomyces. Gibrel increased 
nitrate production and sulfate accumulation in all of 
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the soils, but the effected increase in nitrification of 
ammonium sulfate varied from 0 to 69 per cent, whereas 
the increase in oxidation of added sulfur ranged from 
0 to 50 per cent in the different soils. The least effect 
occurred in soils high in organic matter. Previous air 
drying of the soil lowered nitrate production but did 
not greatly influence the effects of Gibrel. Gibrel also 
generally increased the numbers of molds, bacteria, 
and streptomyces as determined by plate counts. Dif- 
ferent soils respond differently according to their nature 
and condition of the sample. No correlation was ap- 
parent between the effects of Gibrel and the physical, 
chemical, or pedological characteristics of the soils. 
Causes underlying those effects and the mechanisms 
involved are unknown. In studying the effects of any 
addition or of any imposed factor on soil microbial 
activity, a variety of soil types should be used. 


REFERENCES 


Aupan, L. A. anp Lin, C. J. 1958 Effects of lime additions 
on pH and base saturation of five Western Oregon soils. 
Soil Sci., 76, 271-275. 

American Public Health Association 1955 Standard methods 
for the examination of water sewage and industrial wastes, 
10th ed., pp. 246-247. 

Association of Official Agricultural Chemists 1955 Official 
methods of analysis, 8th ed., Washington, D. C., p. 30. 
Barton, L. V. 1958 The gibberellins: powerful plant growth 

regulators. Trans. N. Y. Acad. Sci., 20, 717-732. 

Barton, L. V. anp Fine, J. M. 1958 Noninterference be- 
tween effects of gibberellic acid and fungicides. Contrib. 
Boyce Thompson Inst., 19, 291-294. 

Buaraucna, F. R. anp Wacie,B. U. 1957 Effect of storage 
on nitrifying capacity of soils. J. Univ. Bombay, 25B, 
45-51. 

Bo.ien, W. B. Nerpic, R. E. 1927 A suggestion for 
uniformity and utility of data in soil solution analyses. 
Soil Sci., 24, 69-70. 

Brian, P. W. 1958 Gibberellic acid. J. Roy. Soc. Arts, 
106, 425-441. 

Brian, P. W. 1959 Effects of gibberellins on plant growth 
and development. Biol. Revs., 34, 37-84. 

Brian, P. W. anp Grove, F. 1957 Gibberellic acid. En- 
deavour, 16, 161-171. 

Brian, P. W., Etson, G. W., Hemuine, H. G., anp RapbLey, 
M. 1954 The plant growth promoting properties of 
gibberellic acid, a metabolic product of the fungus Gib- 
berella fujikuroi. J. Sci. Food Agr., 5, 602-612. 

Brown, P. E. 1912 Some bacteriological effects of liming. 
Zentr. Bakteriol. Parasitenk., 34, 148-172. 

Buxovac, M. J. anp Wittrwer, 8. H. 1958 The effects of 
gibberellin an economic crops. Econ. Botany, 12, 213-225. 

Coteman, N. Kampratu, E. J., WEED, 8S. B. 1958 
Liming. Advances in Agron., 10, 475-522. 

Fraps, G. S. 1920 Nitrification in Texas soils. Texas Agr. 
Expt. Sta. Bull. No. 259, 5-37. 

Fraps, G. S. anp SrerGes, A. J. 1932 Causes of low nitrifi- 
cation capacity of certain soils. Soil Sci., 34, 353-363. 
Gatney, P. L. 1936 Total nitrogen as a factor influencing 

nitrate accumulation in soils. Soil Sci., 42, 157-163. 


P. CHANDRA AND W. B. BOLLEN 


[voL. 8 


GERRETSON, F. C. anp DE Hoop, H. 1957 Nitrogen losses 
during nitrification in solutions and acid sandy soils. Can. 
J. Microbiol., 3, 359-381. 

Hatversen, W. V. 1928 Seasonal variation in Willamette 
Valley soils as influenced by liming and cropping. J. Am. 
Soc. Agron., 20, 868-875. 

Harper, H. J. 1924 The accurate determination of nitrates 
in soils. Ind. Eng. Chem., 16, 180-183. 

HarpesteaD, M. I. anp Brace, B.L. 1958 Storage of soil 
samples and its effect upon the subsequent accumulation 
of nitrate nitrogen during controlled incubation. Soil Sci. 
Soc. Am., Proc., 22, 326-328. 

LEBEDJANTZEV, A. N. 1924 Drying of soil as one of the nat- 
ural factors in maintaining soil fertility. Soil Sci., 18, 
419-447. 

LittLe, R. C. 1956 A study of the readily soluble sulphate 
content and the total sulphur content of soil. J. Sci. Food 
Agr., 9, 273-281. 

Lv, K. C. anp BotLen, W. B. 1958 Effect of Gibrel, a potas- 
sium salt of gibberellic acid, on microbial activities in soil. 
Plant and Soil, 9, 318-324. 

Lu, K. C., Grumour, C. M., A. C., anp 
W. B. 1958 Effects of gibberellic acid on soil micro- 
organisms. Nature, 181, 189-190. 

Mortenson, A. E. anp Dutey, F.L. 1931 The effect of dry- 
ing and ultraviolet light on soils. Soil Sci., 32, 195-198. 

Munexata, H. anp Kato, S. 1957 Biochemical studies on 
bakanae fungus. XL. Application of gibberellin to malting 
industry. Jdsd Kagaku Kenkyy Hokoku (Bull. Brewing 
Sci.), 3, 1-10. 

PuinneEy, B. O., West, C. A., RirzeL, M., aNp NEELEY, P. 
1957 Evidence for ‘“gibberellin like’? substances from 
flowering plants. Proc. Natl. Acad. Sci., U.S., 48, 398-404. 

ScHOLLENBERGER, C. J. AND Stmon, R. H. 1945 Determina- 
tion of exchange capacity and exchangeable bases in soils. 
Soil Sci., 59, 13-29. 

Sievers, F. J. anp Hourz, H. F. 1926 The significance of 
nitrogen in soil organic matter relationship. Wash. State 
Coll. Agr. Expt. Sta. Bull. No. 206. 

Stropota, F. H. 1958 Source book on gibberellin 1828-1957. 
Agricultural Research Service, U.S. Dept. Agr., Peoria, 
Illinois. 

Stowe, B. B. anp Yamaki, T. 1957 The history and physio- 
logical action of the gibberellins. Ann. Rev. Plant Phys- 
iol., 8, 181-216. 

Srowe, B. B. anp Yamaki, T. 1959 Gibberellins: stimulants 
of plant growth. Science, 129, 807-816. 

WaksMaNn, S.A. 1927 Principles of soil microbiology, 1st ed. 
The Williams & Wilkins Co., Baltimore, Maryland, pp. 
715-716. 

Waksman, 8S. H. anp Frep, E. B. 1922 A tentative outline 
of the plate method for determining number of microor- 
ganisms in the soil. Soil Sci., 14, 270-288. 

Waker, R. H. anv Brown, P. E. 1935 Nitrification in 
Grundy silt loam as influenced by liming. J. Am. Soc. 
Agron., 27, 356-631. 

Wa key, A. anp Buack, I. A. 1934 An examination of the 
Detgareff method for determining soil organic matter and 
a proposed modification of the chromic acid titration 
method. Soil Sci., 37, 29-37. 

Wooprurr, C.M. 1948 Testing soil for lime requirement by 
means of a buffered solution and the glass electrode. Soil 
Sci., 66, 53-62. 


Th 
yapo! 
(1958 
our | 
for r¢ 
viruc 
in th 
labor 
recel 
agail 
elitis 
of B 
fevel 
on p 


: 

| 
min 
pate 
filte 
pat 
tam 
det: 
In | 
aliq 
wel 
aer 
194 

to 
ap} 
rel 
the 
cor 
aer 
an 
an 
rey 
| 
pri 
cia 
Ser 

4 


Virucidal Activity of 8-Propiolactone Vapor 


II. Effect on the Etiological Agents of Smallpox, Yellow Fever, Psittacosis, 
and Q Fever 


Freperick W. Dawson,! Rosert J. JANSSEN, AND RoBerT K. HorrMan 


U.S. Army Chemical Corps, Fort Detrick, Frederick, Maryland 


Received for publication July 24, 1959 


The bactericidal activity of 8-propiolactone (BPL) 
vapor was first reported by Hoffman and Warshowsky 
(1958). Although this chemical has shown promise in 
our laboratories as a very useful gaseous disinfectant 
for rooms and buildings, the lack of information on the 
virucidal activity of BPL vapor has been a deterrent 
in the use of the chemical to decontaminate virology 
laboratories or buildings. Dawson et al. (1959) have 
recently demonstrated the activity of the lactone vapor 
against the virus of Venezuelan equine encephalomy- 
elitis. The present paper describes the virucidal activity 
of BPL vapor against the viruses of smallpox, yellow 
fever, psittacosis, and the rickettsia Coxiella burnetii 
on porous surfaces. 


MATERIALS AND METHODS 


The efficacy of BPL vapor was ascertained by deter- 
mining its activity against the test organisms on 
patches of cotton twill or Chemical Corps type 5 
filter paper. The techniques used to contaminate the 
patches and the subsequent treatment of the con- 
taminated patches with BPL vapor were reported in 
detail in the previous paper (Dawson et al., 1959). 
In general, the techniques used were as follows. The 
cotton patches were contaminated by applying 0.2-ml 
aliquots of the viral suspension. The filter paper patches 
were contaminated by exposure for 30 min to a viral 
aerosol generated in a Henderson apparatus (Henderson, 
1952). Both types of patches were subsequently exposed 
to the BPL vapor generated in the same Henderson 
apparatus. Since BPL vapor is most active at high 
relative humidities, a 30 per cent aqueous solution of 
the chemical was disseminated in 'the chamber. The 
contaminated patches were exposed for 15 min to 
aerosols containing 1 to 3 mg of BPL per L at 25 C 
and 90 per cent relative humidity. The concentrations 
and time of exposure were minimal compared to those 
reported by Hoffman and Warshowsky (1958). 

Experimental controls consisted of (a) virus-con- 


1 USN. The assertions and opinions contained herein are the 
private ones of the authors and are not to be construed as offi- 
cial or reflecting the views of the Navy Department or Naval 
Service at large. 
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taminated patches not exposed to BPL vapor, but 
held at the same temperature and length.of time as 
the BPL treated patches, and (b) noncontaminated 
patches exposed to the BPL vapor. 

After exposure to the BPL vapor, both test and con- 
trol patches were placed in 9 ml beef heart infusion 
broth (BHIB) dilution blanks, and aliquots of appro- 
priate dilutions inoculated into suitable assay hosts. 
The LDs5o and ID5o were calculated using the method 
of Reed and Muench (1938). 


Smallpox 


The KM strain of smallpox virus was used in these 
experiments and consisted of a 10 per cent suspension 
of infected chick chorioallantoic membrane (CAM) in 
BHIB. The efficacy of BPL vapor was determined 
against the virus only on cotton patches. After exposure 
to the BPL vapor, 0.1-ml aliquots of various dilutions 
containing the test and control patches were inoculated 
onto the CAM of 11-day-old chick embryos. After 
4 days of incubation at 35 C, the CAM’s were harvested 
and the number of pocks determined by direct count. 


Yellow Fever 


The Asibi strain of this virus was used in these ex- 
periments and the inoculum consisted of undiluted 
infected monkey plasma. Patches contaminated by 
the application of the virus suspension or by exposure 


TABLE 1 
Virucidal activity of BPL vapor* against smallpox 
virust 


Titert per ml 
BPL Cone per L Air 


Untreated virus BPL-treated virus 


ms 

1.15 1.67 X 108 NRV$§ 
1.10 3.20 X 10° NRV 
1.10 9.20 X 10° NRV 


* At 26 C, 90 per cent relative humidity. 

+ Exposure time = 15 min. 

t Pock count, titrated on CAM of 11-day-old chick embryo. 
§ No recoverable virus. 
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to the aerosolized virus were subjected to the BPL 
vapor and then placed in BHIB containing 20 per 
cent 6-day-old chick egg yolk. After dilution in BHIB, 
0.03-ml aliquots of all samples were titrated by in- 
tracranial inoculation of 8 to 10 g Swiss-Webster albino 
mice. Deaths occurring during the first 24 hr were 
considered as traumatic. 


Psittacosis 


The Borg strain of psittacosis virus was used in these 
studies and the inoculum consisted of 10 per cent 
infected chick yolk sac in BHIB. The general test 
procedure was identical to that described above with 
the exception of the assay method. Both viral suspension 
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and aerosol-contaminated patches were used. The BPL- 
exposed and nonexposed patches were titrated by 
placing in BHIB and then inoculating 0.25-ml aliquots 
of this suspension and dilutions thereof into the yolk 
sac of 11-day-old chick embryos. 


Q Fever 


The AD strain of Coxiella burnetii was used to de- 
termine the activity of BPL vapor against rickettsia. 
C. burnetii was used because of its relative stability 
to various adverse conditions. The material employed 
in these experiments consisted of a 10 per cent infected 
yolk sac suspension in BHIB. Again the test procedure 
was unchanged except for the method of assay. After 


TABLE 2 
Rickettsicidal activity of BPL vapor* against Coxiella burnetii 


Febrile Response 


Rickettsia Titert 


Type Patch | ring @ Exposure Time Mean CF Titert 
| ‘After treatment | 
= = 
| mg min 
| 
Cotton 4.65 15 Absent 9.6 NRR§ 1:30 
Control Present 9.6 | 1:1800 
| bleeding | 6-wk bleeding 
3.23 15 Absent 9.6 NRR 1:40 1:40 
Control Present 9.6 1:1000 s:1:1700 
1.60 15 Absent 9.6 NRR 1:40 | 1:35 
Control Present 9.6 | -1:2048 
Chemical Corps filter paper | 3.23 15 Absent 4.9 _ NRR | 1:35 1:16 
Control Present 4.9 1:800 1:1800 
1.60 15 Absent 4.9 | NRR | 1:32 | 1:48 
Control Present 4.9 1:1600 
* At 25 C, 90 per cent relative humidity. 
7 Guinea pig intraperitoneal IDs» per ml and expressed as logw. 
t Arithmetic mean for five animals per group. 
§ No recoverable rickettsia. 
TABLE 4 
TABLE 3 Virucidal activity of BPL vapor* against psittacosis 
Virucidal activity of BPL vapor* against yellow virust 
fever virust 
Titert per ml 
Titert per ml Type Patch we Cope per | 


Type Patch | 


ir 
Untreated virus 
| mg 
Cotton 1.20 5.6 NRV$ 
1.10 5.1 NRV 
Chemical Corps 1.20 No virus recovered after 
filter paper 1.10 aerosolization —_ proce- 
dure 


Untreated virus | BPL-treated 


virus 
| 
mg | | 
Cotton 12 | 40 | NRV§ 
0.92 4.6 | 2.3 
1.15 3.7 | 
Chemical Corps 1.25 12 NRV 
filter paper 0.92 | No virus recovered after 
1.25 


* At 25 C, 90 per cent relative humidity. 

7 Exposure time = 15 min. 

t Titrated intracranially in 8 to 10 g mice and expressed 
as logio. 

§ No recoverable virus. 


* At 25 C, 88 per cent relative humidity. 

+ Exposure time = 15 min. 

t Titrated in yolk sae of 11-day-old fertile eggs and ex- 
pressed as logo. 

§ No recoverable virus. 
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exposure to the BPL vapor, both test and control 
patches were placed in BHIB blanks and dilutions 
made in the usual manner. Five-tenths-ml aliquots of 
the various dilutions were inoculated intraperitoneally 
into 200 to 300 g guinea pigs. The animals were ob- 
served and their rectal temperatures recorded daily. The 
criteria used to determine the presence of viable or- 
ganisms were a sustained febrile response of greater 
than 39.7 C (103.5 F), a rising complement-fixing 
(CF) antibody titer, or death of the test animal. 

After the first experiment, serum samples were ob- 
tained from all animals 4 and 6 weeks after inoculation 
with samples from the test and control patches. Com- 
plement-fixing antibody levels were determined by 
means of a standard serological procedure utilizing 2 
units of complement and antigen and 2-fold dilutions 
of serum in a final volume of 1 ml. 


Chemical Analysis 


The procedure for determining the BPL content of 
air was the same as that reported previously (Dawson 
et al., 1959). 


RESULTS 


The effect of BPL vapor upon the microorganisms 
studied are presented in tables 1 through 4. With 
relatively low concentrations of BPL at room tem- 
perature and a relative humidity of approximately 90 
per cent, BPL effectively inactivated the various patho- 
genic viruses and rickettsia against which it was 
tested. Animals or eggs inoculated with dilutions of the 
BPL controls exhibited no toxic symptoms. 


DISCUSSION 


The results of these and previously reported ex- 
periments (Dawson et al., 1959) suggest that BPL 
vapor is a general rather than a specific antiviral agent. 
This finding would be expected from familiarity with 
its general chemical activity and its similar performance 
in aqueous solution as discussed in the earlier paper 
(Dawson et al., 1959). The viruses tested to date are 
representative of the four main groups. These are: 
neurotropic (Venezuelan equine encephalomyelitis), der- 
matropic (smallpox), viscerotropic (yellow fever), pneu- 
motropic (psittacosis), and a rickettsia, C. burnetit. 

Inoculation of BPL-treated C. burnetii in guinea 
pigs resulted in low, but measurable CF antibody 
responses. Two observations suggest that these re- 
sponses were due to the inoculation of noninfectious 


antigen. First, when fully active rickettsia were titrated 
in guinea pigs in this manner, the transition from 
infectious to noninfectious dilutions was one of high 
CF titers to no titers at all. This observation suggests 
that even with a few infectious rickettsia relatively 
high CF titers would be obtained. Secondly, there is a 
high correlation between the occurrence of fever and 
CF antibody responses in guinea pigs inoculated with 
live rickettsia. The BPL-treated samples did not induce 
febrile responses in inoculated guinea pigs. 

The possibility that BPL did not completely in- 
activate C. burnetii cannot be entirely eliminated. 

The only experiment in which a virus was not clearly 
inactivated by the BPL vapor was that with psittacosis 
virus when aconcentration of less than 1 mg of lactone per 
Lofair was used. Despite the fact that this was the lowest 
concentration of lactone used in any test, more than 
99 per cent of the virus was inactivated. Perhaps this 
concentration was approaching the lower limit for 
effectiveness of the chemical vapor using the described 
procedures. The two experiments using slightly higher 
concentrations of the lactone resulted in inactivation 
of all the psittacosis virus. 
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SUMMARY 


The results presented show that a 15-min exposure 
to a concentration of 1 mg or more of 8-propiolactone 
per L of air is sufficient to inactivate the viruses of 
smallpox, yellow fever, psittacosis, and the rickettsia 
Coxiella burnetii. This activity against a variety of 
viruses which differed in morphology, pathogenicity, 
and relative stability suggests that BPL vapor is a 
general viral and rickettsial disinfectant. 
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A direct relationship has been shown between the 
maximum cell concentration and aeration efficiency 
with aerobic microorganisms (Maxon and Johnson, 
1953; Smith and Johnson, 1954). Since the antibiotic 
titer generally varies directly with the weight of 
mycelium in streptomycete fermentations, it is impera- 
tive to define the dependence of antibiotic and mycelial 
syntheses on the aeration efficiency in the particular 
fermentation under study. Relationships among novo- 
biocin synthesis, mycelial production, and aeration level 
in shake flask fermentations have been investigated and 
the results are presented in this publication. 

In a previous report (Smith, 1956), it was shown that 
aeration was probably not a limiting factor in the 
novobiocin fermentation under certain shake flask con- 
ditions. It has since been observed that the addition of 
various nitrogenous materials to a distillers’ solubles 
medium depresses novobiocin synthesis. This depression 
appears to be due in part to an induced oxygen de- 
ficiency, as described in this publication. A simplified 
ultraviolet (UV) assay procedure for novobiocin is also 
presented. 


MATERIALS AND METHODS 


Two experimental procedures were used to vary the 
effective aeration level: (a) serially diluted media and 
(b) indented shake flasks (Smith and Johnson, 1954; 
Dion et al., 1954). In the first procedure, the culture was 
grown in full, half, or quarter strength medium at a 
given aeration efficiency in unbaffled shake flasks, 
resulting in available oxygen to mycelium ratios of 
approximately 1, 2, and 4. By this procedure, traumatic 
effects of baffled shake flasks were obviated. 

All fermentations were conducted in 500-ml Erlen- 
meyer flasks containing 100 ml of medium, incubated 
at 28 C on a Gump! rotary shaker (230 rpm). Vege- 
tative seed was grown in a medium containing Cerelose 
(glucose monohydrate) and Egg Peptone,? both at 25 
g per L. The seeding rate was 3 to 5 ml per 100-ml shake 
flask. Streptomyces niveus strains 15R and BC-333 were 
used for this work. Strain 15R was used in all experi- 
ments unless noted otherwise in the text. 

Sugar was determined by a modification of the 
anthrone procedure (Morris, 1948). To measure my- 
celial dry weight, a 5-ml aliquot of whole beer was 

1B. F. Gump Company, Chicago, Illinois. 

2 Viobin Corporation, Monticello, Illinois. 
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filtered on paper, washed with water, and dried over- 
night at 100 C. No correction was made for residual 
distillers solubles. Optical density was determined in a 
Lumetron® colorimeter at 650 my after dilution of the 
whole beer 1:50 in water. The samples were read 
against a water blank in 18-mm test tubes. Oxygen 
uptake was determined by a modification of the sulfite 
oxidation method of Cooper et al. (1944). 

Novobiocin concentration was determined by a 
simplified UV assay. Although a more precise assay 
was available (Smith et al., 1958), the simplified version 
was developed to accommodate large numbers of 
samples. In this procedure, 0.2 ml of whole or clarified 
beer was pipetted into 2.0 ml of phosphate buffer 
(IXKH2PO,, 39 g per L plus K2HPO,, 37 g per L) in a 14 
by 100 mm test tube, and the buffer was used to rinse 
thick suspensions from the pipette. Five ml of butyl 
acetate, pretreated as described previously (Smith et 
al., 1958), was added and the tube was closed with a 
cork and shaken by hand for 10 to 30 sec to extract 
the novobiocin. The butyl acetate layer was separated 
by centrifugation and its optical density determined in 
the Beckman* model DU spectrophotometer at wave 
lengths of 338 and 290 mu. The concentration of novo- 
biocin was calculated from the equation novobiocin 
(ug ‘ml) = 25 [(22) (ODs3s) — (2) (ODaz9)}. The con- 
version factors were adapted from Smith et al. (1958). 

The standard error per determination with the simpli- 
fied assay was approximately 2 per cent (range: 450 to 
490 wg per ml in 15 determinations of thick whole beer). 

When beers to which known amounts of novobiocin 
had been added were assayed as unknowns, the added 
novobiocin was recovered in 96 per cent yield. The 
absolute potency of the beers agreed within 3 per cent 
with the values obtained by the more elaborate proce- 
dure of Smith et al. (1958). These data show that the 
simple UV assay for novobiocin is reproducible and 
accurate. It was used in all studies reported in this 
publication. 


RESULTS 


Novobiocin synthesis in diluted medium. In a previous 
publication (Smith, 1956), a medium containing Cere- 
lose, 28 g per L, and distillers’ solubles, 40 g per L, was 
shown to be optimal for the novobiocin fermentation. 


3 Will Corporation, Buffalo, New York. 
* Beckman Instruments, Inc., Fullerton, California. 
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The effect of varying the oxygen to mycelium ratio in 
this medium was investigated by growing S. niveus in 
media of full strength, 1:2 and 1:4 dilutions at a con- 
stant aeration efficiency (sulfite oxidation number = 
0.3 mm Os» per L-min). Since the concentration of 
mycelium depended upon the medium concentration 
(figure 1), the ratio of oxygen available per g of my- 
celium was approximately 2- and 4-fold greater in the 
diluted media than in the control (undiluted). The 
rates of mycelium and novobiocin production under 
these conditions are shown in figure 1. The production 
of novobiocin was directly proportional to the synthesis 
of mycelium. 

The efficiency of novobiocin production under these 
conditions is presented in table 1. These data show that 
essentially no increase in the efficiency of novobiocin 
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Figure 1. Growth and novobiocin production in diluted 
media. 


TABLE 1 
Efficiency of novobiocin production in diluted media 


| 
Ratio of Cerelose* to | Peak Novobiocin | Efficiency, ug 


Distillers Solubles Yield Peak Dry Wt | aa 
L ug/ml | mg/ml 
28:40 535 | 27.5 19.4 
14:20 285 14.5 19.7 


7:10 160 7.5 21.4 


| 


*Corn Products Refining Co., Argo, Illinois. 


production occurred over a 4-fold increase in the oxygen 
to mycelium ratio. 

Novobiocin synthesis in indented shake flasks. Available 
oxygen in a shake flask fermentation vessel can be 
increased by indenting the sides of the flask (Smith and 
Johnson, 1954; Dion et al., 1954). With a medium con- 
taining Cerelose, 28 g per L, and distillers solubles, 40 
g per L, the novobiocin fermentation course in an 
indented shake flask (figure 3) (sulfite oxidation number 
= 1.3 mm O./L-min) was almost identical with that 
in unindented flasks (figure 2). These data confirm the 
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Figure 2. Carbohydrate utilization and novobiocin produc- 
tion at low aeration level (unindented shake flakes). 
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Figure 3. Carbohydrate utilization and novobiocin produe- 
tion at high aeration level (indented shake flakes). 
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studies reported above, that oxygen was not a limiting 
factor for novobiocin production in the 28:40 (Cerelose- 
distillers’ solubles) medium. 

The effect of aeration efficiency on novobiocin pro- 
duction when the Cerelose to distillers solubles ratio 
was varied was also investigated. The media used in 
this study were (per L): (1) Cerelose, 28 g, and distillers’ 
solubles, 40 g (28:40); (2) Cerelose, 40 g, and distillers’ 
solubles, 40 g (40:40); and (3) Cerelose, 40 g, and 
distillers solubles, 60 g (40:60). Biochemical changes 
during growth of S. niveus in these media were deter- 
mined in unindented and indented shake flasks (sulfite 
oxidation numbers of 0.3 and 1.3 mm ©, per L-min, 
respectively). The data for novobiocin production 
and sugar utilization in unindented shake flasks are 
shown in figure 2 and for indented shake flasks in 
figure 3. The dry weight changes for both types of 
flasks are shown in table 2. The pH course was similar 
in all fermentations, rising from approximately 7 at 24 
hr to 8 at 96 hr. Comparison of figures 2 and 3 shows 
that the production of novobiocin was independ- 
ent of the aeration efficiency in a medium contain- 
ing 28 g per L of Cerelose and 40 g per L of distillers’ 
solubles (as noted above). When the distillers’ solubles 
concentration was raised to 60 g per L, novobiocin 
synthesis (and possibly glucose utilization) was in- 
hibited and increasing the aeration efficiency had little 
effect (figures 2 and 3). In the medium containing 
40 g per L Cerelose and 40 g per L distillers’ solubles, 
novobiocin production was inhibited at the lower aera- 
tion level (figure 2), but returned to normal in the 
indented flask (figure 3). Increasing aeration did not 
markedly affect the mycelial dry weight in these 
media (table 2). It should be noted that the dry weight 
determination included residual distillers’ solubles. 

Inspection of figures 2 and 3 shows that substrates 
furnished by the distillers solubles were used in prefer- 
ence to glucose by S. niveus since the rate of sugar 
utilization was retarded for 24 to 48 hr in all three 
media, although growth was luxurious within 24 hr. A 
very marked difference in rate of production and 
maximum titer of novobiocin in medium 3 is obvious. 


TABLE 2 
Dry weight changes of Streptomyces niveus in various 
media 
Sulfite Oxidation, Dry Wt, mg/ml per Day: 

Medium Number ma O2/ 

28:40* 0.3 |23 | 23 | a 
28:40 1.3 | — | 24.8 | 27 23 | 21 
40:40 0.3 }21.5/22 24 | 24 | 22 
40:40 1.3 | 21 | 23.5 | 25.5 | 23 | 23 
40:60 | 0.3 | 31.5|30 | 29 | 23 22 
40:60 1.3 31.533 (28 | 2 | 25 


* Cerelose to distillers solubles ratio, g/L. 
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Inspection of table 2 shows that the weight of mycelium 
was greater in medium 3 than in media 1 or 2 (un- 
corrected for residual distillers solubles). Perhaps in- 
creased cell density and a higher level of readily oxi- 
dizable metabolites caused a relative oxygen deficiency 
which resulted in decreased novobiocin synthesis. 
Effect of nitrogen source and aeration on novobiocin and 
mycelium synthesis. The effects of various nitrogen 
sources on growth and novobiocin production were 
investigated, and the results are shown in table 3 (my- 
celial growth was estimated by turbidimetric measure- 
ment). The addition of nitrogenous materials to 40 g per 
L of distillers’ solubles (basal 1) inhibited novobiocin 
production as reported previously (Smith, 1956). On 
the contrary, the same nitrogen sources (with the 
exception of soy protein) had no adverse effect or 
stimulated novobiocin production when added to media 
containing 20 g per L of distillers’ solubles (basal 2). 
The turbidity changes in these media are particularly 


TABLE 3 


Effect of nitrogen sources on mycelial growth and 
novobiocin production 


| |Peak Optical Density* 
N-Source Added at 10 g/L Lee 
Basal 1t | Basal Basal 1 | Basal 2 
| 
600 310 | 0.30 0.15 
Pharmamedia§............ 105 360 0.42 0.23 
| 110 | 190 0.37 0.23 
N-Z-Amine BJ........... 150 350 0.44 0.24 
Nutrient L-14.......... -| 170 | 365 0.438 | 0.25 
Casamino acids**......... | 140 | 440 | 0.39 | 0.24 
| | | 


* At 650 mu, 1:50 dilution. 

+ Basal 1 = Cerelose, 28 g/L; distillers solubles, 40 g/L. 
t Basal 2 = Cerelose, 28 g/L; distillers solubles, 20 g/L. 
§ Traders Oil Mill Company, Fort Worth, Texas. 

|| Glidden Company, Chicago, Illinois. 

{ Sheffield Chemical Company, Norwich, New York. 

** Difeo Laboratories, Detroit, Michigan. 


TABLE 4 


Effects of aeration and nitrogen levels on novobiocin 
production with Streptomyces niveus strain 


BC-333 
+ Soy peptone (10 g/L)...... 0.3 350 
+ ‘Boy peptone... .. 0.3 | 585 
+ Soy peptone............... 1.3 | 425 
1.3 | 380 
+ Soy peptone............... | 1.3 415 


* Cerelose, 28 g/L + distillers solubles, 40 g/L. 
+ Cerelose, 28 g/L + distillers solubles, 20 g/L. 
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interesting. Optical density increased when nitrogen 
sources were added to basal 1 or 2, which indicated 
increased synthesis of mycelium (table 3). It should be 
noted that the optical density of basal 2 plus supple- 
ments approached that of basal 1 minus supplements, 
but was always lower. These data suggest that the 
inhibition of novobiocin production by the nitrogen 
sources added to basal 1 (table 3) may have been 
caused by a stimulation of mycelial synthesis and 
metabolism to the point of induced oxygen deficiency. 
The addition of the same nitrogen sources to basal 2 
may not have raised the mycelial mass above the 
hypothetical threshold level, and thus did not depress 
novobiocin production (with the exception of soy 
protein). 

If the inhibition of novobiocin synthesis (table 3) is 
indeed due to an induced oxygen deficiency, it should 
be reversed by providing more air during the fermen- 
tation. Experiments were set up in which two strains of 
S. niveus were grown in media of varying nitrogen 
contents and aeration levels, and dry weights and novo- 
biocin titers were determined. The results varied with 
the individual cultures. The inhibition of novobiocin 
production by strain BC-333 in nitrogen-rich media was 
reversed in indented shake flasks as illustrated in table 
4. With strain 15R (used in all experiments reported 
above), reversal was not always observed. 

Reversal experiments did not substantiate completely 
the hypothesis of an induced oxygen deficiency. How- 
ever, it must be remembered that an indented shake 
flask may result in injury to filamentous organisms when 
they strike the baffles as has been described previously 
(Dion et al., 1954; Vondrackova, 1957). With certain 
strains of S. niveus, the use of an indented shake flask 
actually decreased novobiocin production in the media 
investigated (table 4). 


DISCUSSION 


The data presented in this paper indicate a close 
relationship between the level of nitrogenous material 
in the fermentation medium and the aeration level 
required for efficient novobiocin production by S. 
niveus. Novobiocin synthesis was inhibited 80 per cent 
when the nitrogenous components were increased in a 
medium already sufficient in nitrogen (distillers solubles, 
40 g per L). The inhibition was not due to a direct toxic 
effect of additives on the organism, since most of the 
nitrogen sources were noninhibitory (or stimulatory) to 
novobiocin production when added to a basal medium 
deficient in nitrogen (distillers’ solubles, 20 g per L). It 
was also noted by turbidimetric measurement that in- 
creasing the nitrogen source generally gave rise to 
increased synthesis of mycelium. Increasing the level of 
distillers’ solubles above 40 g per L resulted in a 
markedly decreased synthesis of novobiocin and perhaps 
a decreased rate of sugar utilization. 
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These data can be interpreted as the result of an 
induced oxygen deficiency caused by stimulating (a) 
mycelial synthesis and (b) oxygen uptake by furnishing 
preferred substrates. Experiments designed to demon- 
strate reversal of the oxygen deficiency by increased 
aeration were only partly successful when available 
oxygen was increased by indenting the shake flask, 
which inhibited novobiocin synthesis with some strains 
of S. niveus. The inhibition of penicillin synthesis under 
conditions of high agitation has also been described 
(Dion et al., 1954; Vondrackova, 1957). In media con- 
taining distillers’ solubles, 40 g per L, and Cerelose, 
28 g per L, the efficiency of novobiocin production was 
shown not to be influenced by the aeration level in 
unindented shake flasks, since there was no change in 
efficiency of synthesis upon serial dilution of the me- 
dium. The use of unindented shake flasks with nitrogen- 
rich media and an oxygen-enriched gas phase might 
provide more definitive answers to the question of an 
induced oxygen deficiency. 
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SUMMARY 


The efficiency of novobiocin production by Strepto- 
myces niveus was shown to be independent of aeration 
level in media of full strength (Cerelose, 28 g per L; 
distillers’ solubles, 40 g per L), half strength and 
quarter strength, under certain shake flask conditions. 

Biochemical changes during the fermentation of novo- 
biocin under various conditions of medium and aeration 
efficiency were described. 

Increasing the nitrogen content of the medium 
beyond a threshold level depressed novobiocin pro- 
duction markedly. However, addition of the same 
nitrogen sources to media of low initial nitrogen content 
generally resulted in stimulatory or noninhibitory 
responses. This effect was due perhaps to an induced 
oxygen deficiency in the nitrogen-rich media. 

A simplified ultraviolet assay for novobiocin was 
described. 
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The production of tetracycline! by fermentation was 
disclosed by Minieri et al. (1953). Details of this fer- 
mentation process in synthetic media of low chloride 
content are presented, and the culture isolation pro- 
gram which was carried out in conjunction with this 
study is discussed. 

In this fermentation the composition of the medium 
and the strain of streptomycete are both important 
factors, since Streptomyces aureofaciens is capable of 
producing at least two antibiotic substances as pointed 
out by Backus et al. (1954). In the presence of chloride, 
which is incorporated within the chlortetracycline? 
molecule (Broschard et al., 1949) and which is there- 
fore essential for its production as disclosed by Petty 
and Matrishin (1950), the antibiotic formed was pre- 
dominately chlortetracycline. In media low in chloride 
tetracycline predominates and the chlortetracycline 
fraction diminishes since 1 ppm of available chloride 
ion can produce at most 14 yg/ml chlortetracycline. 

The simultaneous production of two or more anti- 
biotics in a fermentation is well known, and the sub- 
stances formed may be either closely related on a 
chemical or a biological basis or widely separated. 
Typical examples of closely related compounds pro- 
duced simultaneously by the same organism are the 
penicillins (Clarke, 1949), streptomycins (Waksman, 
1949), polymyxins (Brownlee, 1949), bacitracins (New- 
ton and Abraham, 1950), cephalosporins (Crawford 
et al., 1952), nisins (Berridge et al., 1952), neomycins 
(Waksman, 1953), rhodomycins (Brockmann et al., 
1951), and candicidins (Lechevalier et al., 1953). 
Compounds which differ in their structure and in their 


1 The trade-mark of American Cyanamid Company for the 
antibiotic tetracycline is Achromycin. 

2 The trade-mark of American Cyanamid Company for the 
antibiotic chlortetracycline is Aureomycin. 


biological activity and are produced simultaneously 
by the same organism are illustrated by spinulosin, 
fumigatin, and gliotoxin (Menzel et al., 1944); acti- 
dione, grisein, and streptomycin (Waksman et al., 
1948; Whiffen, 1948); rimocidin and oxytetracycline 
(Davisson et al., 1951); fradicin and neomycin (Waks- 
man, 1953); chlortetracycline and an antifungal com- 
pound (Duggar et al., 1954); and fungicidin and an 
actidione-like antibiotic (Hazen and Brown, 1951). 
The effect of medium and strain upon the concurrent 
production of these antibacterial and antifungal agents 
is well established. Calam and Levi (1944) found differ- 
ent types of penicillin produced in synthetic and natural 
media, and Smith and Bide (1944) established the 
phenylacetyl grouping as a necessary component of the 
medium for the production of penicillin G in contrast 
to penicillin F, which was formed in its absence. That 
different isolates derived from the same parent culture 
were capable of producing different types of penicillin 
was demonstrated by Calam and Levi (1944). Changes 
in medium were found by Whiffen (1948) to alter the 
ratio between streptomycin and actidione, and strain 
selection led to the sole production of either component. 
Perlman (1949) showed that substrains could be chosen 
which produced more of the desired streptomycin and 
less of mannosidostreptomycin than the parent. Mayer 
et al. (1951) reported on two antibacterial substances 
produced by Actinomyces vinaceous which were mark- 
edly influenced by the medium. Waksman (1953) 
pointed out that Streptomyces fradiae produced fradi- 
cin, neomycin A, and a subtilis factor along with 
neomycin, and that medium and strain influenced the 
proportion of the individual components of the neo- 
mycin complex. Backus et al. (1954) disclosed that 
different strains of S. auwreofaciens possess the capacity 
to produce the antibiotics chlortetracycline and tetra- 
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eyeline under controlled conditions of fermentation, 
and Martin et al. (1955) demonstrated the effect of 
medium upon the production by S. aureofaciens of an 
antifungal agent and chlortetracycline as well as other 
antibacterial agents. 


EXPERIMENTAL METHODS 
Culture Selection 


The S. aureofaciens strain received from Minieri 
etal., (1953) showed a heterogeneous morphology which 
was evident upon the comparison of single colonies on 
Waksman agar for the isolation of soil fungi (Waks- 
man, 1922). Approximately 30 per cent of 100 isolates 
showed gross morphological variation as reflected in 
sharply reduced pigmentation. These pale yellow 
isolates were found either to be entirely void of detect- 
able antibiotic activity in our base synthetic medium 
A or to exhibit weak response as shown in table 1. 

Isolate T5, which was selected from the group of 
highest producers, gave consistent antibiotic production 
averaging 125 wg per ml and showed no gross morpho- 
logical variation in 500 colonies. A spore suspension of 


TABLE 1 


Pigmentation and tetracycline yields of isolates in base synthetic 
medium A 


Range of Yield | | | Total Colonies 
ug/ml % | % | % 

94 12 42 
25-49 3 | 16 | 12 
50-74 3 | 4 | 5 
75-99 | 0 | 20 12 

100-124 0 | 36 | 22 
| 12 7 


> 125 0 


culture T5 was irradiated with ultraviolet at an exposure 
sufficient to give 99.99 per cent kill, and 200 colonies 
were transplanted to agar tubes. A total of 19 isolates or 
9.5 per cent showed various types of gross morpho- 
logical variation. A spore suspension of culture T5 was 
also treated with X-ray;? an exposure of 100,000 
Roentgen units was employed giving 99.5 per cent kill. 
A total of 340 colonies was picked and, of these, 149, 
or 40 per cent, were gross morphological variants. Of 
45 natural selections and 135 X-ray-treated isolates, 
none showed a significant increase in antibiotic produc- 
tion; treatment with ultraviolet irradiation, however, 
resulted in 3 superior isolates in the series of 45 cultures 
tested. Culture UV8, which gave a 20 per cent increase 
in tetracycline production with average yields of 150 
ug/ml, was selected for medium development studies; 
this culture has been deposited in the American Type 
Culture Collection, Washington, D. C. Isolates were 
screened in the base synthetic medium A as listed in 
table 2 and standard operating conditions were em- 
ployed. 

Twelve hundred and fifty derivatives of culture 
UV8 were studied. One hundred and sixty, or 23 per 
cent, of 700 ultraviolet-treated isolates and 190, or 
38 per cent, of 500 X-ray-treated isolates were morpho- 
logical variants. None of the 50 natural selections gave 
evidence of gross morphological change. 

A total of 1030 ultraviolet- and X-ray-treated iso- 
lates of culture UV8 was screened for tetracycline pro- 
duction in various synthetic media as progress was 
made in medium development. There was a greater 
number of superior producers as well as a higher inci- 
dence of morphological types in the X-ray-treated 

3 Suspensions were X-rayed at the Physics Department of 


the Memorial Hospital, New York, through the kindness of 
Dr. H. Christine Reilly and Miss Elizabeth Focht. 


TABLE 2 
Effect of medium composition upon tetracycline yield in shaker flask fermentations with Streptomyces aureofaciens strain UV8 

Medium A Medium B Medium C Medium D Medium E 
H,C.H;0;-H:O (g/L)................ 0 11.5 12.8 12.8 
(g/L).............. 2.5 0 0 0 
MgSO,-7H2O 0.25 0.25 0.25 0.25 0.25 
0 10 0.15 0.15 0.15 0.15 
NH,OH, 28% (ml/L)............... 6 10.00 0 0 
MnSO,-4H20 (g/L)................-. 0.01 0.01 0.01 0.01 0.01 
ZnSO,-7H:O0 0.04 0.04 0.04 | 0.04 0.04 
0.016 0.016 0.016 0.016 0.016 
Avg Yield (ug/ml). | 180 290 545 | 940 1350 
Minimum Yield (ug/ml)............. | 140 275 500 900 1250 
Maximum Yield (ug/ml)............. | 170 310 610 1000 1400 
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isolates than in either the ultraviolet-treated or the 
untreated isolates. Of 640 ultraviolet-treated cultures, 
only 3 gave significant increases in broth potency over 
the parent. Of these 3, culture UV184 was selected as 
a control for the testing of 390 derivatives from the 
X-ray treatment of culture UV8. Eight isolates were 
found which gave broth potencies within the range of 
those produced by culture UV184. The yields obtained 
with these selected isolates from culture UV8 in syn- 
thetic medium E ranged from an average of 1855 to 
2150 ug/ml as shown in table 3. 


Shaker Flask Fermentations 


Standard procedures. 
1. Preparation of cultures: 

a. Isolates are carried on Waksman agar for the 
isolation of soil fungi (Waksman, 1922) without 
adjustment of pH, and are incubated at 30 C 
for a period of 10 days to permit good sporula- 
tion. The formula for this agar follows (per 
L): glucose, 10.0 g; peptone, 5.0 g; KH2PO,, 
1.0 g; MgSO,-7H:0, 0.5 g; and agar, 20.0 g; 

b. Selected isolates are stored under oil or lyo- 
philized. 

2. Inoculum: 

a. Medium (per L): sucrose, 30.0 g; soybean meal, 
5.0 1.0 (NH,)S0O,, 
3.3 g; MgSO,-7H20, 0.25 g; KH.PO,, 0.10 g; 
K.HPO,, 0.10 g; CaCO;, 1.00 g; MnSO,-4H,0, 
0.01 g; ZnSO,-7H20, 0.04 g; K,Cr.0;, 0.016 
mg; and CH;COOH, 0.40 ml. 

b. Volume: 50 ml per 250-ml Erlenmeyer flask; 
400 ml per 2000-ml Erlenmeyer flask. 

c. Shaker: reciprocating with 319-in. stroke at 
97 cycles per min. 

d. Temperature: 30 C. 

e. Inoculum: dry mycelial-spore transfer, liquid 
mycelial suspension, or lyophile. 

f. Period of incubation: 48 to 72 hr to give pH 
ranging between 4.5 and 5.0. 


TABLE 3 


Tetracycline yields obtained in synthetic medium E with selected 
isolates derived from Streptomyces aureofaciens strain UV8 
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3. Fermentation: 

a. Medium E (per L): H;C.H;0;- H.0, 12.8 g; 
sucrose, 40.0 g; (NH,)SO., 6.0 g; Mgs0,- 
7H,O, 0.25 g; KH2PO,, 0.15 g; CaCOs, 11.00 g; 
MnS0O,-4H,0, 0.01 ZnSO,-7H,0, 0.04 g; 
and K:Cr20;, 0.016 mg. 

b. Volume: 50 ml per 250-ml Erlenmeyer flask. 

c. Shaker: rotary at 200 rpm. 

d. Temperature: 30C. 

e. Inoculum: 5 per cent mycelial transfer. 

f. Period of incubation: 4 to 6 days. 

4. Preparation of sample for assay: Whole broth 
cultures are acidified to pH 2.0 to 2.5 with 5 n 
sulfurie acid and held for 14 hr before filtration 
through Whatman No. 4 paper. The paper disc 
method of assay with Escherichia coli strain 
ATCC no. 9637 is employed. Assays are run 
against a tetracycline standard. 

Inoculum. The physiological state of the inoculum 
as indicated by pH, growth, and pigmentation was 
found to be a highly critical factor in this fermentation. 
Its effect was pronounced throughout the fermentation 
cycle, but was most evident in the early stages of 
growth. The optimum pH at transfer was found to 
range between 4.5 and 5.0 with significant reductions 
in harvest potencies when either physiologically older 
or younger inoculum was employed. 


Culture Avg Yield Range of Yield 
ug/ml ug/ml 
UVS8 1350 1250-1409 
UV8-UV184 2059 1910-2360 
UV8-X154 2100 1960-2429 
UV8-X169 2070 1845-2340 
UV8-X237 2159 2040-2590 
UV8-X314 1869 1855-1870 
UV8-X348 1889 1790-1999 
UV8-X353 1899 1869-1920 
UV8-X380 1925 1759-2180 
UV8-X381 1810-1920 
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Figure 1. Effect of medium composition upon pH in tetra- 
cycline tank fermentations with Streptomyces aureofaciens. 
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Shaker flask fermentation. To limit production of 
chlortetracycline, all media contained less than 1 ppm 
chloride. The base synthetic medium A which we de- 
veloped for this fermentation and in which culture T5 
and UV8 were selected has the following formulation 
(per sucrose, 30 g; 2.5 g; 
(NH,)2SOg, 3.3 g; MgSO,-7H,0, 0.25 g; KH.PO,,0.10 g; 
KeHPO,, 0.10 g; CaCQOs, 1.00 g; MnSQ,-4H,0, 0.01 g; 
ZnSO;:7H2O, 0.04 g; 0.016 mg; and 
CH;COOH, 0.40 ml. 

The major changes in medium throughout this 
developmental study reflect the effect of the phosphate- 
citrate-carbonate ratio. Table 2 gives the medium 
variations and the yields produced by culture UV8 in 
shaker flasks. The broth potencies obtained with this 
isolate in the base synthetic medium A averaged 150 
ug per ml. Alterations in the phosphate concentration 
raised yields to an average of 290 ug per ml in medium 
B. The substitution of citric acid and ammonium 
hydroxide for sodium citrate with the citrate radical 
supplied at a considerably higher level resulted in an 
average potency of 545 wg per ml; this modification has 
been coded medium C. Counteracting the high acidity 
with increased calcium carbonate rather than ammo- 
nium hydroxide brought about a further increase in 
antibiotic activity. In this variation, which was coded 
medium D, yields were raised to an average of 940 
ug/ml. A further increase in the concentration of 
calcium carbonate to an optimum level of 11 g per L 
(medium E) resulted in an additional response, and an 
average antibiotic broth potency of 1350 ug per ml 


TETRACYCLINE PRODUCTION IN SYNTHETIC MEDIA 


ASSAY 
1400 
CULTURE MEDIUM 
1200 

E 

D 

Cc 

B 

A 


40 50 60 70 60 90 100 
TIME IN HOURS 


Figure 2. Effect of medium composition and strain upon 
tetracycline yield in tank fermentations with Streptomyces 
aureofaciens. 
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was obtained. With culture UV184 an average yield of 
2150 ug per ml was produced in this medium. 


Pilot Tank Fermentations 


Pilot tank fermentations paralleled those carried out 
in shaker flasks, and tank yields were raised from 55 
ug per ml to 1235 ug per ml during the course of this 
investigation. Under standard tank operating condi- 
tions, which were used throughout this study, 15 gallons 
of medium were batched in a 25-gallon stainless steel 
fermentor and sterilized for 25 min at 121 C. After 
cooling to the operating temperature of 30 C, the batch 
was seeded with 24-hr shaker inoculum in an amount 
equal to 3 per cent of the batch volume. Agitation and 
an air flow of 1.5 volumes of air per volume of liquid per 
min were provided, and foaming was controlled by the 
addition of octadecanol in lard oil. 

Culture UV8 gave a broth potency of 55 ug per ml 
after a fermentation period of 64 hr in the base synthetic 
medium A. In this fermentation, pH levels were highly 
acidic. In medium B, with changes in phosphate 
concentration, there was a significant increase in anti- 
biotic activity associated with a slight elevation of the 
pH level; a yield of 120 wg per ml was obtained in 64 hr 
in this medium with culture UV8. Marked increases in 
broth potency and fermentation pH were evidenced in 
tank fermentors when the high citric acid-ammonia 
medium C was run; a yield of 525 ug per ml was pro- 
duced in 90 hr by this culture in a typical fermentation 
with this medium. High calcium carbonate concentra- 
tions (10 g per L) were also effective with the high 
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citric acid-ammonium sulfate medium. A yield of 625 
ug per ml was obtained in 92 hr with culture UV8 in 
this modification (medium D). When the level of 
calcium carbonate was further increased to 11 g per L 
(medium E), an additional response was obtained and 
broth potencies were raised to 705 ug per ml in 96 hr 
with this culture. 

Culture UV184 was tested in medium D, and 855 
ug per ml tetracycline was produced in 96 hr. This cul- 
ture also responded to an increase in the concentration 
of calcium carbonate from 10 to 11 g per L, and a broth 
potency of 1235 wg per ml was obtained in medium E 
with culture UV184 in a typical 96-hr fermentation. 
Figures 1 and 2 show the pH levels and yields obtained 
in these tank fermentations with the various media. 


Broth Stability 


Broth stabilities at pH 9.0 and 100C for 15 min 
showed clear differentiation between chlortetracycline 
and tetracycline; chlortetracycline was completely 
inactivated and tetracycline gave 40 to 50 per cent 
inactivation. The stability of the antibiotic activity 
produced by S. aureofaciens cultures under different 
fermentation conditions was investigated and found to 
vary with the presence of chloride and with the in- 
dividual strain. Figure 3 shows the increasing stability 
encountered as the fermentation was shifted from the 
corn steep medium of Duggar (1949) to synthetic me 
dium A plus chloride, to dechlorinated corn steep 
medium, and to synthetic medium A; at the opposite 
ends of this graph will be found chlortetracycline and 
tetracycline. 


Discussion 


It will be noted in table 1 that the frequency dis- 
tribution of tetracycline production with the original 
isolate does not follow the normal distribution pattern 
but exhibits a marked skewness on the low side of the 
curve. This skewed portion is attributable to a specific 
morphological characteristic (that is, pale coloration) 
which could be readily detected and avoided. Isolates 
from culture T5, a superior strain selected from the 
other end of the curve, gave a normal distribution 
spread. In order to distort this curve and subsequently 
to obtain superior strains, mutagenic agents were ap- 
plied. Since other workers including Van Dyke and De 
Somer (1952) and Katagiri (1954) have reported in- 
creased yields of chlortetracycline with S. aureofaciens 
when various mutagens were used, greater yields of 
tetracycline with S. aureofaciens would be expected 
under similar treatment. 

Tetracycline fermentations in synthetic media with 
S. aureofaciens are quite similar to those reported by 
Van Dyke and De Somer (1952) and Biffi et al. (1954) 
for chlortetracycline. The first stage is characterized 
by rapid mycelial growth and the second by active 
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antibiotic production. Since ammonium salts were used 
in our fermentation media, selective screening led to 
the development of strains which required ammonia 
nitrogen for optimum production of tetracycline, 
Various ammonium salts, ammonium hydroxide, and 
liquid ammonia all gave satisfactory yields. 

The phosphate-citrate-carbonate ratio was found to 
be a highly critical one, and a study of these inter- 
relationships raised yields in shaker flasks with culture 
UV8 from an average of 150 wg per ml to 1350 ug per 
ml. The high calcium carbonate-citric acid medium 
permits the calcium ion to act as a sequestering agent for 
tetracycline in the same manner as Niedercorn (1952) 
disclosed the sequestering of chlortetracycline. This 
medium also results in a preferred fermentation pH 
range which is in sharp contrast to the highly acidic pH 
values encountered in the base synthetic medium A. 
In tank fermentations this pH-assay relationship and 
the sequestering effect of the calcium ion are graphi- 
cally illustrated in figures 1 and 2. Fermentation yields 
with culture UV8 were raised from 55 yg per ml in the 
base medium A, which results in a strongly acidic fer- 
mentation, to 525 wg per ml in the high citric acid- 
ammonia medium C which permits fermentation in the 
preferred pH range. The sequestering effect of calcium 
carbonate becomes apparent as the yields are further 
raised with this culture to an average of 705 ug per ml 
in medium E although the pH range during the period 
of active antibiotic production remains essentially un- 
changed. 
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SUMMARY 


Details of the fermentation of tetracycline in a low 
chloride synthetic medium with Streptomyces aureo- 
faciens have been presented along with a summary of a 
culture screening program following X-ray and ultra- 
violet irradiation. 
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The preservation of Brucella melitensis was of interest 
because Elberg and Faunce (1957) had shown that a 
nondependent mutant derived from a streptomycin- 
dependent strain of B. melitensis was immunogenic 
when administered as a living vaccine. Hutton et al. 
(1951) and, more recently, Alexander and van Drim- 
melen (1956), showed that lyophilization was practical 
for preserving the viability of the Brucella abortus 
(strain 19) vaccine. Although lyophilization is a gener- 
ally accepted method for maintaining viability of 
bacterial cultures (Harris, 1954), the conditions for the 
optimal preservation of bacteria by lyophilization are 
not identical for all species or strains of given species. 
This report describes the results of limited studies on 
the lyophilization and storage of a live vaccine strain 
of B. melitensis. 


MATERIALS AND METHODS 


Culture. The nondependent mutant clone (Rev 1-8) 
was grown on Albimi brucella agar* and collected as a 
thick suspension in 0.85 per cent NaCl solution. The 
solid medium was employed to minimize reversion to 
the rough (nonsmooth) colonial form. The cell suspen- 
sion was diluted with an equal volume of a 6 per cent 
sugar solution just prior to lyophilization. 

Containers. Most of the cultures were lyophilized in 
60 ml Army style vaccine bottles with exhaust tube 
stoppers,’ which were fitted with brass ring clamps to 
facilitate sealing. 

Lyophilization. The apparatus and general procedure 
for lyophilization were essentially those described by 
Heckly et al. (1958). Cultures were dried for a total of 
about 22 hr. The temperature of the air surrounding the 
bottles was about 20 C for the first 4 to 6 hr and then 
was raised to 32 C overnight. The rate of drying, and 
hence the ice temperature, was governed primarily by 


1 This work was sponsored by the Office of Naval Research, 
U. 8. Navy, under a contract between the Office of Naval 
Research and the Regents of the University of California and 
by RGE-22, National Institutes of Health. Opinions expressed 
in this report are not to be construed as reflecting the views of 
the Navy Department or of the naval service at large (Article 
1252, U. S. Navy Regulations, 1948). Reproduction in whole 
or in part is permitted for any purpose of the United States 
Government. 

2 Albimi Laboratories, Brooklyn, New York. 

3F. J. Stokes Machine Company, Philadelphia, Penn- 
sylvania. 
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the size of the connection between the culture and the 
condenser manifold. Generally, the cultures were not 
cooled or frozen before attachment to the manifold, but 
were degassed and ‘‘snap frozen” in situ by slowly 
evacuating the system. 

Viability. The lyophilized cultures were reconsti- 
tuted with an 0.85 per cent NaCl solution, and the 
numbers of viable organisms were estimated by surface 
plating of appropriate dilutions on Albimi_ brucella 
agar. All reported values are the average obtained from 
at least three bottles or ampules with five plates counted 
per dilution. 


RESULTS 
Effect of suspending medium. Lactose, sucrose, and 


glucose protected the organisms about equally well 
during freezing and drying. In all instances, about 50 
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Figure 1. Effect of three different sugars on the viability of 
Brucella melitensis strain Rev 1-8 lyophilized and stored in 
rubber stoppered bottles. 
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per cent of the organisms were viable when tested 
immediately after lyophilization. As shown in figure 1, 
the viability of the culture with glucose was markedly 
less than the others when tested after storage for 125 
days at room temperature. Because viability of the 
organisms dried in lactose and sucrose was comparable, 
and since sucrose can be sterilized by autoclaving 
without decomposition, the latter was used in all sub- 
sequent experiments. 

Effect of freezing and drying conditions. The effects of 
plug and snap freezing and of two drying temperatures 
(—18 C and —28 C) were compared. Plug freezing at 
—78 C was effected by immersing the bottles in a bath 
of Dry Ice and ethanol after they were attached to the 
manifold, but before the system was evacuated. The 
bath was removed only after the full vacuum, about 20 
u Hg, had been attained. Neither the method of freezing 
nor the drying temperature had a measurable effect on 
viability when the samples were reconstituted and 
tested immediately after lyophilization. However, as 
shown in figure 2, both the method of freezing and the 
ice temperature during drying affected the stability of 
the cells on storage. Viability, when tested 120 days 
after lyophilization, was best maintained in cultures 
which had been snap frozen and dried at about —18 C. 
The greatest loss of viability occurred in plug frozen 
cultures which had been dried at —28 C. Apparently, 
the lower temperature rendered the organisms less 
resistant to the adverse storage conditions. A tempera- 
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Figure 2. Effect of two methods of freezing and of two dry- 
ing temperatures on the viability of Brucella melitensis strain 
Rev 1-S lyophilized and stored at room temperature in rubber 
stoppered bottles. Equal volumes of a 6 per cent sucrose solu- 
tion and culture were mixed immediately before lyophilization 


ture above —18 C might, therefore, result in an even 
greater stability. This point was not investigated. 

Effect of container. Viabilities of lyophilized cultures 
stored in glass sealed ampules and rubber stoppered 
bottles are compared graphically in figure 3. Survival 
apparently depended more on temperature during 
storage than on the type of closure. In glass sealed 
ampules there was no appreciable loss of viability at 
0 C, whereas there was approximately a 3 log loss in 
110 days at room temperature, and a 6 log loss at 37 C. 
At 20C the influence of the glass sealed ampule and 
rubber stoppered bottles was not significantly different 
until after a period of 110 days, as shown in figure 3. 

The same percentage survivals were obtained when 
the bottles were either filled with dry nitrogen or sealed 
under the original vacuum. 

Effect on colonial types. All plates were carefully 
examined to ascertain the colonial morphology. The 
proportion of smooth to nonsmooth colonies on plates 
from the reconstituted cultures did not differ signifi- 
cantly from the proportion present in the original cul- 
ture before lyophilization. The observation that the 
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Figure 3. Effect of storage conditions on the viability of 
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colonial properties of the culture were maintained, even 
when only 0.001 per cent of the original culture re- 
mained viable, indicated that there was no difference 
in the resistance of the cell types to lyophilization. 


Discussion 


The results of the experiments on B. melitensis de- 
scribed above are in general agreement with those ob- 
tained on B. abortus by Hutton et al. (1951), even 
though the methods differed considerably. Hutton’s 
procedures were not followed because it was desired to 
keep the number of operations at a minimum, and 
because it had been shown (Heckly et al., 1958) that 
simple addition of either a sucrose or lactose solution 
to a liquid culture adequately protected Pasteurella 
pestis during lyophilization and storage. It is significant 
that both B. melitensis and P. pestis survived better 
during storage in either sucrose or lactose than in glu- 
cose, although in all instances no significant differences 
were observed when the cells were tested immediately 
after lyophilization. 

Alexander and van Drimmelen (1956) reported that 
B. abortus survived for 1 month when lyophilized in a 
medium containing lactose, presumably with refrigera- 
tion, although the storage temperature was not indi- 
cated in these experiments. As shown in figure 1, 
viability of B. melitensis after prolonged storage was 
satisfactory only at a reduced temperature, 0 C. 

Since many laboratories preserve their stock cultures 
by simply freezing them, one may question the value of, 
or need for, lyophilization if refrigeration is required. 
Lyophilized cultures can be stored at room temperature 
for a short period, but the principal advantage over 
frozen cultures for long term storage is that little or no 
cellular damage would be anticipated if the refrigera- 
tion system failed. It is well known that repeated freez- 
ing and thawing is rather detrimental to most organisms 
and, specifically, van Drimmelen (1956) showed that 
freezing and thawing markedly reduced the viability of 
B. abortus. 
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SUMMARY 


Survival of cultures of a vaccine strain of Brucella 
melitensis (Rev 1-8) to which equal volumes of 6 per 
cent solutions of lactose, sucrose, or glucose had been 
added was comparable when tested immediately after 
lyophilization. However, after 125 days of storage at 
room temperature, the viability of the culture with 
glucose was markedly less than that of cultures con- 
taining either lactose or sucrose. 

At OC there was no loss of viability of cultures 
lyophilized with sucrose after storage for 225 days, but 
at room temperature only 0.1 per cent survived, and at 
37 C less than 10~ per cent of the cells remained viable. 
In no instance was there a significant change in the 
ratio of smooth to nonsmooth colonial types. 

Although neither the freezing nor the drying method 
affected viability when tested immediately after lyo- 
philization, viability was best maintained in cultures 
which were snap frozen and dried at about —18 C. 
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The studies of Heckly et al. (1958) are the most com- 
plete among the references in the literature describing 
the maintenance of Pasteurella pestis in the lyophilized 
or frozen state. However, little has been reported con- 
cerning factors affecting survival of this organism in 
liquid suspensions stored at refrigeration temperature 
(5 C). The investigations reported here show that, al- 
though suspensions of P. pestis containing over 10!° 
cells per ml can be stored in the frozen state for long 
periods of time with little loss of viability or virulence, 
survival at temperatures above the freezing point was 
critically affected by certain environmental conditions. 
This paper deals mainly with the identification and 
control of conditions which influence the retention of 
viability and virulence of P. pestis at 5 C. 


MATERIALS AND METHODS 


Cultures. P. pestis strain Alexander was employed in 
the investigation. Stock cultures were grown on blood 
agar base (Difco)! slants (supplemented with 0.04 per 
cent NasSO; and 0.1 per cent p-glucose) and stored at 
5C. 

Growth medium. Cultures for experimentation were 
grown in the de-acidified casein partial hydrolyzate 
(DCPH) medium described by Higuchi and Carlin 
(1957), modified by the inclusion of 0.5 per cent corn 
starch. Inocula were prepared by suspending the 24 hr 
growth from a blood agar base slant in 25 ml of DCPH 
medium contained in a 500-ml Erlenmeyer flask, and 
incubating for 16 hr at 26 C on a reciprocating shaker. 
Fresh medium (usually 100 ml in a 2-L flask) was 
inoculated by addition of 5 per cent (v/v) of the 
inoculum culture. The cultures were incubated at 26 C 
with shaking for the required period, usually 30 hr. 

Suspending fluid and storage conditions. The cells 
were harvested by centrifugation at,5 C. The super- 
natant fluid was replaced with the suspending fluid and 
the cells were resuspended by agitation with glass 
beads. Aliquots of the suspensions were placed in 18-ml 
vaccine bottles closed with rubber stoppers and held 
at the storage temperature. The usual suspending fluid 
consisted of a final concentration of 3 per cent lactose 
and varying concentrations of phosphate buffer at pH 
7.4. Each component was sterilized separately by auto- 
claving as a double strength solution in order to prevent 
caramelization. When cells were stored at —23 C, the 


' Difco Laboratories, Inc., Detroit, Michigan. 


bottles were placed directly into the deep-freeze chest 
without preliminary cooling or quick-freezing. 

Sampling and counting. To minimize errors arising 
from clumping, all samples were dispersed by drawing 
the suspension through a 25-gauge needle into a syringe. 
This procedure gave more consistent and higher counts 
than by sampling with a pipette. Dilutions were made 
in M/15 potassium phosphate buffer, pH 7.4, and plated 
by the conventional pour-plate method using blood agar 
base prepared as described above. Visible colonies were 
enumerated after 48 hr incubation at 26 C. Occasion- 
ally, old stored cultures formed large clumps or mucoid 
suspensions, which could not be dispersed for enumera- 
tion. 

Frozen cells, held at —23 C, were prepared for sam- 
pling by thawing in a water bath at 50 C. 

Experiments were usually designed so that each of a 
number of replicate bottles was sampled only once to 
avoid disturbance of prevailing storage conditions. 

Virulence assay. Virulence was determined by intra- 
peritoneal challenge of Swiss-Webster mice. The Namru 
substrain (Garber and Hauth, 1950) was used in a few 
indicated cases. Doses of 0.2 ml of appropriate serial 
dilutions of the culture in phosphate buffer were 
inoculated into mice. A minimum of four doses with 10 
mice per dose was used for each titration. The LD5o 
was calculated by the method of Litchfield and Wil- 
coxon (1949) after a 14-day observation period. 


RESULTS 


Survival at 5 C. Oxygen was found to have a critical 
effect on survival of the cells under the conditions 
described. Studies with varying volumes of suspension, 
in which the availability of oxygen was governed by 
surface to volume ratios, showed higher recoveries in 
systems with the highest ratios. Data obtained when 
cell suspensions were held for 8 to 12 weeks at 5 C are 
shown in table 1. Per cent recoveries varied inversely 
with the volume stored. These findings confirmed 
results of preliminary tests which indicated that nitro- 
gen was detrimental to survival, whereas oxygen 
enhanced recoveries, especially under otherwise adverse 
conditions. Attempts to duplicate the effect of aeration 
by adding hydrogen acceptors such as nitrate ion or 
methylene blue to the medium, as employed by Alten- 
bern et al. (1957) to suppress population changes in 
Brucella abortus, were unsuccessful. 
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Cell concentration may be another important deter- 
minant of survival. The optimum initial count was 
found to be in the range of 1 to 2 X 10! cells per ml. 
Counts rapidly declined to this level in samples with 
higher initial counts. The high recoveries obtained in 
cases where initial counts were low may reflect actual 
increases in cell numbers. It is known that P. pestis 
is able to grow even at relatively low temperatures 
(Sokhey and Habbu, 1943), and a moderate amount of 
growth apparently occurred in the resuspended system. 
The observed stabilization of cells stored at concentra- 
tions of 1.35 X 10" per ml but not at 2.69 X 10!° also 
was noted in numerous other experiments at concentra- 
tions ranging from 1 to 3 X 10'°. This may be a reflec- 
tion of aeration efficiency. 

The loss in viability during storage was accompanied 
by a decline in pH, but it was not apparent whether 
these effects were interrelated. The essentially anaerobic 
metabolism may have resulted in accumulation of 
acidic compounds in toxic quantities. In an attempt to 
control the pH further, varying concentrations of phos- 
phate buffer up to 0.1 to 0.2 M were tested and found to 
improve surviva] (table 2). Further experiments have 
shown that, in general, 0.1 M phosphate was optimal. 
Higher concentrations of buffer were usually deleterious. 
Other buffer systems were surveyed; of these only Tris 
(tris(hydroxymethyl)aminomethane) approached phos- 
phate in giving satisfactory recoveries. Tris (pH 7.4, 
M/10) combined with 3 per cent lactose produced sig- 
nificantly higher survivals up to 4 weeks, but later re- 
coveries were only equal to, or less than, those obtained 
with lactose-phosphate. 

Evidence of the marked effect of the physiological 
state of the cell on survival during storage was provided 
by the following data. The medium in which the organ- 
isms were grown affected their survival at 5 C (table 
3). Cells grown in DCPH or N-Z-Amine, Type A?, 
retained relatively good viability even after 20 weeks. 


2 Sheffield Farms, Inc., Norwich, New York. 


TABLE 1 


Effect of volume of suspension and initial cell concentration upon 
survival of Pasteurella pestis strain Alexander at 5 C* 


Survival 
| 8 wk 12 wk 
| 
X168/ml ml % 
269 2 | 104 72 
| 5 61 6.3 
| 10 | 39 0.3 
135 | 2 
| 5 | no | 74 
| 10 | 97 | 40 


* Cells grown in DCPH to which 1 per cent xylose was added 
at 0 and 12 hr; resuspended in 3 per cent lactose-0.033 m phos- 
phate buffer. 
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Cells cultured in Difco brain heart infusion or Difep 
heart infusion broth did not survive as well, whereas 
those grown in the chemically defined medium (Higuchj 
and Carlin, 1958) exhibited very low recoveries during 
storage. 

The amount of carbohydrate (p-xylose) supplied to 
the DCPH culture during growth and the time at which 
the energy source was added played a definite role in 
the ability of cells to survive at 5 C (table 4). When 
xylose was added only initially, viability was retained 


TABLE 2 


Effect of concentration of phosphate buffer upon survival of 
Pasteurella pestis strain Alexander at 5 C* 


| pH Survival 
Phosphate Volume 
| 8 wk 12 wk 8 wk 12 wk 
| % % 
0.033 | 2 | 68 6.4 78 41 
10 6.4 6.4 7 0.2 
0.067 2 6.9 6.4 79 63 
10 6.6 6.4 55 2.4 
0.1 LL. 6.9 6.8 69 57 
10 6.8 6.4 15 
0.2 | 6.9 6.8 | 74 | 7 
10 6.8 6.4 | 69 | 44 
0.3 | 6.8 6.8 77 «68 
10 Mt M 
| 


*Cells grown in DCPH to which 1 per cent xylose was 
added at 0 and 12 hr. Initial viable cell count of suspensions 
= 231 X 108. Temperature of storage, 5 C. 

+M = mucoid. 


TABLE 3 


Effect of growth of Pasteurella pestis strain Alexander in various 
culture media on survival at 5 C* 


| aa 

* All media contained 0.5 per cent starch; all except brain 
heart infusion broth contained 1 per cent xylose added at 0 hr. 
Brain heart infusion and heart infusion broths were supple- 
mented with 0.06 per cent MgSO,. Composition of N-Z-Amine 
broth was 3.07 per cent N-Z-Amine plus 26 C DCPH salts 
(Higuchi and Carlin, 1957). All cultures were grown at 26 C. 
Cells grown in the chemically defined medium were harvested 
at 24 hr; other cultures were harvested at 30 hr. Cells were 
harvested by centrifugation and resuspended in 3 per cent 
lactose—0.1 m phosphate buffer, pH 7.4. Volume of suspension, 
10 ml. 

+ Higuchi and Carlin, 1958. 


Survival 
Viable 
Growth Medium j 
Cell 
2 20 
Count) | | wk | 
% | % | %| % | % 
202 | 90 | 98 72) 59 46 
Brain heart infusion broth | 
| 187 | 45| 29) 11 | — 
Heart infusion broth (Difeo)...| 191 | 68 | 71) 49° 17) — 
N-Z-Amine broth (Sheffield)....| 195 | 79 | 101 | 56 39) 
4 | 4 | 


Chemically defined medium?. . | 210 | 37 
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TABLE 4 
Effect of time of adding xylose to the culture medium upon the 
survival of Pasteurella pestis strain Alexander held at 5 C* 


Xylose Addition Survival 
Initial Viable | 
Cell Countt | 
0 hr 12 hr | 24 hr 8 wk 12 wk 
% % | X108/ml % 
1 1 479 34 0.2 
363 45 0.6 
| 250 59 1.3 
1 1 | 411 53 2.1 
269 61 6.3 
| 205 50 18 
1 341 63 14 
328 64 28 
204 41 47 
180 108 82 


* Cells grown in DCPH for 30 hr; resuspended in 5 ml vol- 
umes of 3 per cent lactose-0.033 mM phosphate buffer. 
+ Figures represent counts of cells from separate cultures. 


TABLE 5 


Effect of culture age on survival of Pasteurella pestis strain 
Alexander at & C* 
Xylose Initial Survival 
| Age” | Growth | Viable Celt | 
‘Mediumt | 4 wk | 8 wk | 12wk | 16 wk 
| % X103/ml | % | % | % % 
1 6 | 1.0 | 3 0.9 
24 | 1.0 226 | 103 | 62 | 52 9 
30 | 1.0 183 | 103 | 68 | 69 34 
72 1.0 121 | 80 | ae | <1 
144 1.0 131 76 «#29 0.04); — 
2 i BO 81 26 | 10 
6 | 0.5 | 89 33 | 16 | o9 | — 
6 | 0.1 71 | 


* Cells grown in DCPH; resuspended in 10 ml volumes of 
3 per cent lactose-0.1 Mm phosphate buffer. 


+ Added at 0 hr (see table 4). 
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at a considerably higher level than when a second addi- 
tion was made after 12 hr incubation. Cells provided 
with xylose at both 0 and 24 hr, the latter only 6 hr 
before harvesting, showed even lower recoveries. 
Another indication of the importance of the physio- 
logical state of the organism, as related to stability at 
5 C, was apparent when cells from cultures of various 
ages were tested (table 5). Cultures in the early loga- 
rithmic phase possessed poor survival characteristics. 
When the amount of xylose added to the culture 
medium was reduced to 0.1 per cent, 6 hr cultures 
remained viable longer than when the initial concen- 
tration of xylose was the normal | per cent. Best sur- 
vival was obtained with cultures harvested at the end 
of or just beyond the logarithmic growth period. 
Preliminary experiments indicated that cells grown 
in the presence of corn starch survived somewhat 
better in suspension at 5 C than those grown without 
it, and a slight beneficial effect could be demonstrated 
early in the holding period when starch was added to 
the suspending fluid. It was observed that, during 
growth of the organism at 26 C in DCPH with starch 
added, the period of growth appeared to be extended 
beyond that of cultures without starch. This effect 
probably resulted from a slow provision of utilizable 
carbohydrate by the starch which permitted the cells to 
metabolize slowly. It may have been due also to effects 
of impurities in the starch, or to the adsorption of toxic 
materials by the starch. However, the following adsorb- 
ant materials were not effective in replacing starch: 
bentonite, Florisil,? charcoal, kieselguhr, Celite,‘ silica 
gel, or ion exchange resin (Amberlite IR-45).° Of other 
starches tested, potato starch exerted a lesser effect, and 
soluble starch was inert. It seems likely that the mecha- 


3 Floridin Company, Warren, Pennsylvania. 
4 Johns Manville, New York, New York. 
5 Rohm and Haas Company, Philadelphia, Pennsylvania. 


TABLE 6 


Virulence of Pasteurella pestis strain Alexander during storaye at 5 C* 


Storage Time 


Viable Cell Count 


0 wk 4 wk | 8 wk 12 wk 
LDsot (95% CL) Survival LDso (95% CL) Survival LDso (95% CL) Survival LDso (95% CL) 
205 10 85 16 | 72 31 48 > 2000 
(5-21) (6-31) | (14-68) (NC)t 
228 7 79 19 | 86 27 36 >650 
(4-14) (8-46) (9-94) (NC) 
214 9 59 = 54 87 53 1890 
(5-16) (NC) | (500-7200) 
185 11 79 8 52 24 39 35 
(5-24) (3-25) (9-61) (12-104) 


* Cells grown in DCPH for 30 hr; resuspended in 10 ml volumes of 3 per cent lactose-0.033 m phosphate buffer. 
+ Mouse intraperitoneal virulence with 95 per cent confidence limits (CL). 
t Nonealeulable. 
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nisms operating during storage in the presence of starch 
were similar to those which served to maintain high 
counts during extended periods of growth. When dextrin 
was provided in a growth medium high levels of viabil- 
ity were maintained also; however, cells stored in the 
presence of dextrin at 5 C died rapidly. This was prob- 
ably due to the rapid release of metabolizable carbo- 
hydrate, with a consequent accumulation of acidic 
products, as shown by a rapid drop in pH. 

Virulence at 5 C. There was a reduction in virulence 
of stored cells under conditions which provided main- 
tenance of approximately 50 per cent viability for 12 
weeks. Representative virulence data, which were ob- 
tained by intraperitoneal titration in white mice, are 
shown in table 6. Loss of virulence was negligible at 4 
weeks, but between 4 and 8 weeks a shift toward 


TABLE 7 


Recovery of virulence by stored Pasteurella pestis strain 
Alexander upon subculture on blood agar base 


at 26 C* 
LDso (95% CL)t 

Volume Age Survival 
Stored cells | Subcultured cells 

} 

ml wk % | 
5 10 1.8 465 (78-2790) | 25 (8.3-75) 
5 16 0.08 >4000 (NC)t 54 (21-138) 
10 21 0.2 2200 (550-8800) | 245 (77-784) 


* Cells grown in DCPH for 30 hr; resuspended in 3 per cent 
lactose-0.033 m phosphate buffer. 

7 Mouse (Namru) intraperitoneal virulence with 95 per 
cent confidence limits (CL). 

t Nonealculable. 
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avirulence was apparent. The suspensions were oj 
greatly reduced virulence at 12 weeks. This loss of 
virulence may have been due in part to an increase jp 
the proportion of avirulent variants, since the cells 
undergo some multiplication. However, another factor, 
probably more important, was involved. The data in 
table 7 show results obtained upon subculture oj 
several samples which had lost virulence when held 
under different conditions. Partial recovery of virulence 


ensued when these stored cells were inoculated onto 
fresh slants and regrown at 26 C. These results indicate 
that factors other than genotypic selection were in- 
volved since such subculturing does not favor selection 
of virulent cells. 

Survival at —23 C. Suspensions held in the frozen 
state at —23 C exhibited high recoveries of viable cells 
which showed little loss in virulence. Table 8 shows 
data from seven different cultures stored at three 
different volumes. Viability after 1 year was still of the 
order of 50 per cent and virulence had not changed. In 
the two cases shown, similar results were obtained even 
after 2 years. Although not shown in the table, re 
coveries of cells held in 10 per cent glycerol were slightly 
higher than those in lactose-buffer up to 36 or 40 weeks, 
after which they began to drop more rapidly than the 
latter. 


Discussion 


There is little information available in the literature 
concerning storage of concentrated suspensions of 
rucroorganisms at temperatures slightly above the 
freezing point. Riley and Solowey (1958) reported on 
survival of Serratia marcescens at 5 C. Harrison et al. 


TABLE 8 
Viability and virulence of Pasteurella pestis strain Alexander stored at —23 C* 
Storage Interval 
Count” 24 wk lyr 2 yr 
Survival LDso (95% CL)t Survival | LDso (95% CL) Survival LDso (95% CL) 
ml X103/ml % % % 
10 542 49 8.5 58 12 
(2.8-26) (5.4-25) 
2 542 62 12 57 23 
(6.4-21) (8-63 ) 
3 444 47 6 46 8.6 
(1.8-20) (2.9-26) 
3 495 40 13 32 13 
(3.5-44) (4.8-33) 
3 598 33 26 38 | 14 47 19 
(8.2-84) (5.9-32) (8.6-42) 
3 501 46 16 33 24 50 12 
(5.9-40) (7.3-79) (4.1-35) 
3 427 49 12 51 14 
(4.5-30) | | (5.5-35) 


* Cells grown in DCPH for 30 hr; resuspended in 3 per cent lactose-0.033 m phosphate buffer. 
t+ Mouse (Namru) intraperitoneal virulence with 95 per cent confidence limits (Cl). 


1960} 


(1952) 
species 
Neither 
the rest 
The 
rather 
the me 
virulen 
to hav 
and Aj 
pools ¢ 
the pre 
ism ta 
levels 
concen 
death 
resulti 
reflect 
the bu 
effect 
higher 
anaerc 
tration 
viabili 
reflect 
from 
The 
tures 
aerobi 
obtair 
stated 
then 
essent 
vente 
was 
under 
fits vi 
also a 
Th 
time 
vival 
The 
may 
cells : 
tion 
intert 
consi 
It see 
impo: 
Washi 


Esche 


= 
} 
Th 
survi 
(1942 
place 


IL. § 


ed 
iS of 
se in 
Cells 
Ctor, 
ta in 
e of 
held 
lence 
onto 
‘icate 
e in- 
ction 


rozen 
cells 
hows 
three 
f the 
d. In 
even 
2, Te 
ghtly 
eeks, 
n the 


1960] 


(1952) presented data from experiments in which several 
species were held under varying conditions at 8 C. 
Neither report considered basie factors responsible for 
the results obtained. 

The ability of P. pestis to grow and metabolize 
rather actively at 5 C likely plays an important role in 
the mechanisms underlying the loss of viability and 
virulence at that temperature. The organism is known 
to have a high rate of endogenous respiration (Santer 
and Ajl, 1954), indicating high levels of metabolizable 
pools of substrate. Under the conditions employed in 
the present work, a predominantly anaerobic metabol- 
ism takes place resulting in the accumulation of high 
levels of incompletely oxidized compounds. Toxic 
concentrations may be reached which influence the 
death of the organism. The higher survival values 
resulting with increased buffer concentrations may be a 
reflection of the neutralization of acidic components by 
the buffer system. The possibility that this beneficial 
effect of increased buffer concentrations was due to 
higher ionic strength has not been investigated. Rapid 
anaerobic metabolism under conditions of high concen- 
trations of cells may explain the observed rapid loss in 
viability. The ability of oxygen to prolong survival, 
reflected in the surface volume studies, probably results 
from a shift to a more aerobic metabolism. 

The observation that the more highly aerated cul- 
tures survive better than those maintained under less 
aerobic conditions seems to be in contrast to results 
obtained with many other organisms. Rahn (1945) 
stated that most bacteria cease to grow at 5 to 10C, 
then die slowly. Death is due to a change of some 
essential cell constituent by oxidation, which is pre- 
vented or repaired above the minimum temperature. It 
was shown that Streptococcus lactis survived better 
under nitrogen than under air. Although oxygen bene- 
fits viability of P. pestis, it has not been proved that it 
also aids maintenance of virulence. 

The effect of altering the amount of xylose, and the 
time that it is provided during growth, upon the sur- 
vival capability of P. pestis is of considerable interest. 
The presence of excess xylose at the time of harvest 
may tend to poise the physiological condition of the 
cells at a particular level, through increasing the propor- 
tion of young cells in the culture, by controlling the 
internal pH of the cell, or by producing cells containing 
considerable amounts of readily metabolizable material. 
It seems unlikely that carry-over of xylose externally is 
important since cells behave essentially the same after 
washing. 

The fact that physiologically young cells failed to 
survive well is not unexpected. Sherman and Naylor 
(1942) showed that young cells often died rapidly when 
placed at 1 C although the ability of cells to survive 
depended somewhat on the species. Young cells of 
Escherichia coli died faster than older ones, whereas the 
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reverse was true of S. lactis. P. pestis would appear to 
behave more like EF. coli in this respect. Old bacterial 
cells are usually more resistant to adverse conditions. 
White (1951) demonstrated that the ability of Strepto- 
coccus faecalis to survive when placed in unfavorable 
conditions was greatest when the organism was har- 
vested from a culture near the end of the logarithmic 
phase of growth. 

It is known that certain polysaccharides have an 
enhancing effect on stability of cells at low tempera- 
tures, particularly when suspensions are frozen or 
lyophilized. A similar effect seems to be exerted by lac- 
tose in the case of P. pestis although other disaccharides, 
such as raffinose, failed to benefit survival. There is a 
slow breakdown of lactose during the storage period, 
but it seems unlikely that this is the primary protective 
mechanism. 

There is little information available on the mechanism 
involved in the loss of virulence at 5 C, but evidence 
seems to indicate that something other than a popula- 
tion change is involved. It is conceivable that two or 
more main mechanisms play a part. The recent studies 
of Fukui et al. (1959) show that cells grown at 5 to 10 C 
are relatively avirulent but regain virulence upon short. 
incubation at 37 C, without concurrent growth. Since 
suspensions held at 5 C actively metabolize, it is likely 
that a physiological change plays a predominant role 
in the loss of virulence resulting under these conditions. 
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SUMMARY 


Certain environmental conditions, such as availabil- 
ity of oxygen, concentration of cells, and control of pH, 
were found to be critical factors for survival of Pas- 
teurella pestis in suspensions held at 5 C. The importance 
of the physiological state of the cell in determining its 
stability was indicated by the marked effect on storage 
of the nutritional conditions under which it was grown. 
Recoveries of 50 to 75 per cent were obtained after 12 
weeks. Intraperitoneal virulence for mice showed a 
shift toward avirulence between 4 and 8 weeks. 

P. pestis was maintained in the frozen state with 
little loss of viability or virulence for periods up to 2 
years. 
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Within recent years there has been a renewed interest 
in the use of the enterococci as indices of fecal pollution. 
Suckling (1943) stated that these organisms were pres- 
ent in feces, sewage, and known polluted waters, 
whereas they could not be detected in unpolluted 
waters, virgin soils, and sites not exposed to human 
and animal life. It was also demonstrated that members 
of this group do not multiply outside of the animal body 
except in a medium such as milk. Litsky et al. (1953a) 
stated that the coliform group conventionally employed 
as indicators of pollution may consist of a large number 
of species of nonfecal origin. The members of the coli- 
form group may persist in water and soil for long 
periods of time and therefore might not be indicative of 
recent pollution. It was also demonstrated that these 
organisms may multiply in a soil or water environment. 
Reliable differentiation between fecal and nonfecal 
strains is also a problem. 

Prior to 1951, the greatest deterrent to the use of the 
enterococci as indices of pollution was the lack of a 


1 Contribution no. 1129 from the University of Massachu- 
setts, College of Agriculture Experiment Station, Amherst, 
Massachusetts. 

2 Present address: Low Temperature Station for Research 
in Biochemistry and Biophysics, Cambridge University, 
England. 


good presumptive medium for their detection. Because 
of this, relatively low numbers of these organisms were 
found in sewage and known polluted waters as com- 
pared to the coliform bacteria as demonstrated by 
Winslow and Nibecker (1903) and Lattanzi and Mood 
(1951). 

With the development of dextrose azide broth 
(Difco)® as a presumptive medium and ethyl violet 
azide broth for confirmation, the detection of the 
enterococci was simplified. Using this method more 
enterococci were detected in polluted water and sewage 
than by any prior method as demonstrated by Mall- 
mann and Seligmann (1950), Mallmann and _ Litsky 
(1951), and Litsky (1953b). 

The effectiveness of the above two media for the 
detection and enumeration of the enterococci suggested 
that the presence of these bacteria in undisturbed! 
soils should be revaluated in an attempt to establish 
whether or not this group could be found outside the 
animal body in nature. As a means of comparison, the 
coliform incidence was also determined. The results of 
such an investigation would add another link to the 


3 Difco Laboratories, Inc., Detroit, Michigan. 
‘Soil sites undisturbed by cultivation according to records 
for the past 60 years. 
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chain of evidence as to the advisability for the promo- 
tion of the enterococci as indicator of recent fecal pollu- 
tion. 


EXPERIMENTAL PROCEDURE 


Three hundred and sixty-nine samples of soil were 
taken from areas adjacent to four Western Massachu- 
setts water supply reservoirs. Past fecal contamination 
was either nonexistent or very remote due to the 
sanitary control of these water sheds. A record search 
indicated that manure fertilizing had not taken place 
in the test areas in the past 60 years. The present study 
extended over the winter, spring, and summer months 
of 1956. 

Particular attention was paid to the nature of the 
terrain during the sampling process. Each area was 
studied for elevation and drainage by recourse to relief 
maps and personal observation. Each sampling site 
selected was on high ground and therefore had slight 
possibility of chance pollution as a result of contact 
with the water table or via surface or subsurface drain- 
age. 

Soil samples were taken from a depth of 1 to 3 in. 
below the surface of the ground using a conventional 
spade shovel and a portion was transferred in sterile, 
wide mouth, Bakelite covered, glass jars. The time 
elapsing between taking the first and last samples and 
actual testing on a given day was never more than 3 
hr. Upon arrival at the laboratory, 10-g samples of soil 
were added in parallel into the respective presumptive 
media for the qualitative determinations of both the 
coliform group and the enterococci. These were then 
vigorously shaken in an automatic shaking machine 
for 3 min to insure a high surface to volume ratio be- 
tween soil and medium which would yield a more sensi- 
tive qualitative determination, especially if the specific 
organisms were present in relative low densities. 


Coliform Determination 


Ten g of soil were added to 90 ml of lactose broth 
and shaken by the procedure mentioned above. The 
flasks were then incubated at 37 C for 48 hr. As con- 
firmation of the presence of coliform bacteria, tubes of 
brilliant green bile broth (BGB) wert seeded from the 
presumptive lactose broth flask. As a second confirma- 
tion test, Levine eosin methylene blue agar (EMB) 
streak plates were used. These were incubated for 48 
and 24 hr, respectively, at 37 C. A positive confirmation 
test for coliform was recorded on the basis of detection 
of gas in the BGB broth and/or the formation of 
colonies on EMB agar which, upon subsequent inocula- 
tion and incubation, fermented lactose broth with the 
formation of gas (Standard Methods for the Examination 
of Water, Sewage and Industrial Wastes, 1955). 


COLIFORM BACTERIA AND ENTEROCOCCI IN SOIL 


Enterococci Determination 


The same basic enrichment procedure used for the 
coliform determination was used for the qualitative 
determination of the enterococci. Dextrose azide 
(Difco) was used as the enrichment medium and incu- 
bation was carried out for 48 hr at 37 C, after which 
time one drop of the agitated culture was transferred 
into ethyl violet azide broth (EVA) (Difco) for con- 
firmation of enterococci. The presence of enterococci 
was indicated by turbidity and the formation of a 
purple “button” at the bottom of the confirmatory 
medium. Random positive tubes were examined micro- 
scopically for the presence of short chained, gram 
positive cocci. In addition, the tubes that showed 
turbidity but no purple “button” were further streaked 
on tryptone glucose extract agar (Difco) and incubated 
at 37 C for 48 hr. Isolated colonies were then picked at 
random and tested for the ability to grow at 45 C and 
in a 6.5 per cent sodium chloride tryptose broth. 
Growth in both environments, coupled with micro- 
scopic examination, was considered as complete evi- 
dence for the presence of enterococci. 


RESULTS 


Typical colonies of Escherichia coli from EMB streak 
plates were isolated in only 4 of the 369 soil samples 
tested, whereas atypical coliform types were observed 
throughout this study. It was also observed that there 
was little correlation between BGB and lactose broth 
when these were used as the confirmative and com- 
pleted test respectively. Seventy-six samples gave 
evidence of gas formation in BGB broth and none in 
the lactose broth of the completed test. Thirty samples 
gave gas formation in lactose broth of the completed 
test but none in BGB broth. Thirty-five samples gave 
atypical coliform reactions on EMB agar but no pres- 
ence of gas in either BGB broth or lactose broth. Table 
1 represents a tabulation of the frequency incidence 
and source of coliform bacteria as judged by the two 
qualitative procedures used. 

Enterococci were found in 8 of the total of 369 soil 
samples examined (2.2 per cent). With one exception, 
the presence of enterococci in a given soil sample was 
associated with the presence of strong gas forming coli- 
form organisms. Of the 8 samples containing entero- 
cocci, 2 showed the presence of FE. coli. The results are 
summarized in table 2. 

In determining the incidence of the coliform group 
from the above data, it was arbitrarily concluded that 
growth on EMB and gas formation in BGB broth 
and/or lactose broth of the completed test indicated 
the presence of the coliform bacteria. Using the above 
scheme, it was calculated that 99 samples or 26.8 per 
cent contained no coliform; 5 samples or 1.4 per cent 
contained E. coli; 265 samples or 71.8 per cent con- 
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tained other coliforms. Of the 270 samples which were 
positive for the coliform group, 23.0 per cent showed 
weak lactose fermenters. 


Discussion 


The presence of coliform bacteria in undisturbed soil 
appears to be indisputable and in confirmation of the 
results of previous investigators. Realizing that there 
are significant Chi-square results for the qualitative 
presence of coliform bacteria from one sampling area to 
another (Griffin and Stuart, 1940), the results of the 


TABLE 1 


Tabulation of source and frequency incidence of coliform bacteria 
as judged by qualitative procedures A and B 


! 


| Procedure B 


| Source 
Procedure A | 
Treen Bile | | | 
| met Lactose | Spring- | | Total 
+ | Atyp | + | 51 | 18 | 70 | 20 | 159 
+ | Atyp | — | 26 12 37 | 1 6 
- | Atyp |) + 10 5 15 0 | 30 
7 | 14 0 | 35 
+ Neg | - 0 0 1 :i « 
_ Neg | + 1 0 0 | a ae | 
_ Neg -'| @ 4 | 22 | 2 | 59 
| | pele 
Total ... | | 460) 47 369 


* Typ, typical; Atyp, atypical; Neg, negative. 


TABLE 2 
Incidence of enterococci tabulated according to source and 
parallel occurrence of coliform bacteria 


Enterocci Coliform 

Source | 

| 

57 | Amherst A Neg* — 

64 Amherst A + + Typ | + 

75 | Amherst A Atyp | 

79 | Amherst A + + Atyp + 

90 | Amherst A + | + Typ + 
162 Springfield + + Atyp 
170 | Springfield + | + | Atyp + 
223 | Springfield + | + 


* Typ, typical; Atyp, atypical; Neg, negative 


TABLE 3 


Comparisons of Randall’s qualitative determination of coliform 
bacteria with that of the present study 


No. of | _ No. Escherichia | _ Other 
Samples | Coliforms coli Coliforms 
% % 
Randall’s group V....... 98 | 23.4 | 10.2 66.4 
Present study........... 369 | 26.8 | 1.4 71.8 
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present study very closely approximate the result; 
obtained by Randall (1956). In that study samples of 
soil were collected from many different sources and were 
roughly grouped as follows: 

Group I. Decaying garden vegetation mixed with soil, 

Group IT. Garden soil apparently free from manure. 

Group ITT. Woodland soils. 

Group IV. Soil from ungrazed grassy sites. 

Group V. Soil from special grassy sites. These 98 
samples were taken from the protected grassy slopes 
beside enclosed reservoirs. 

The chances of pollution were thought by inspection 
to vary from group to group being greatest in group | 
and descending in order to group V. In general, Randall 
found as chances of pollution decreased the number of 
coliform intermediates increased significantly, whereas 
the EF. coli incidence decreased very markedly. Aero- 
bacter aerogenes showed no logical increase or decrease 
in incidence as did the number of samples which showed 
no presence of coliforms. Since Randall’s group V 


approximates the type of soil examined in this study, it 
was of interest to compare the qualitative results of the 
present study with group V (table 3). 

The significance of table 3 appears to lie in the indica- 
tion that the sampling techniques used in the present 
study did indeed represent, for the most part, unpol- 
luted or remotely polluted soil, as judged by the 
remarkable “‘fit”’ of the relative numbers of coliform 
intermediates, EF. coli, and the number of samples 
which contained no coliforms. The writers realize, how- 
ever, that differentiation of the coliform bacteria in the 
present study was obtained only in a rough measure by 
recourse to an EMB agar plate. 

This investigation has revealed that the coliform 
group of organisms are indeed found in soil which is 
apparently undisturbed soil; however, F. coli and 
the enterococci are not found extensively. Logically, 
there appears to be a close relationship between the 
presence of E. coli and the enterococci group. Randall 
(1956) in determining the presence of the enterococci in 
unpolluted or very remotely polluted soil found that, of 
the 33 samples examined, 8 contained Streptococcus 
faecalis, and from 6 of these FE. coli was also found. In 
the present study, the same fundamental relationship 
was also found. The presence of both in a given soil 
sample could be considered to be indicative of chance 
pollution of the sampling area by bird or animal drop- 
pings, or surface or subsurface drainage. From outward 
appearance, it seems that the enterococci and E. colli 
show equal results for the determination of the pres 
ence or absence of fecal pollution. However, when 
the factors of expedience and economy of materials 
are considered, the recommendation for using the 
enterococci group as the preferred indices of pollution 
seems justified. 
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SUMMARY 


A study has been made to revaluate to what extent 
the coliform group and the enterococci are present in 
soil, which is apparently undisturbed soil, using modern 
techniques for their isolation and identification. 

Three hundred and sixty-nine soil samples were taken 
from areas adjacent to four Western Massachusetts 
water supply reservoirs in which past fecal contamina- 
tion was either nonexistent or very remote due to the 
sanitary control of the watersheds. 

Two hundred and seventy samples (73.4 per cent) 
contained coliform bacteria, as indicated by the presence 
of gas in lactose broth seeded from eosin methylene 
blue agar plates, and/or presence of gas in brilliant 
green bile broth. Five samples (1.4 per cent) yielded 
typical Escherichia coli colonies on eosin methylene 
blue agar. Enterococci were found in 8 (2.2 per cent) 
of the 369 soil samples examined. 
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Only two varieties of Agaricus campestris, the com- 
mon edible mushroom, are grown commercially in the 
United States. These are distinguished by their white 
and light brown color. In contrast, there are at least 75 
varieties of mushrooms available or marketed in Eu- 
rope. 

The art of cultivating muchrooms was a carefully 
guarded secret dating back to the 17th century. It was 
hot until the beginning of the 20th ‘century that the 
first scientific approach to mushroom cultivation ap- 
peared in the literature of this hemisphere. Duggar 
(1905) successfully grew A. campestris on a variety of 
substances such as casein and peptone for nitrogen 
sources, and cellulose as a carbon source. 

Waksman and McGrath (1931) studied the chemical 
changes occurring during composting of horse manure 
for mushroom culture and the changes resulting from 
the growth of the mushroom mycelium on this com- 
post. 

A number of investigators have observed the growth 


characteristics of A. campestris on so-called synthetic 
compost. Hein (1930) developed a straw compost and 
Szuecs (1931) a peat-molasses compost upon which 
mushrooms could grow. 

Metabolic requirements of A. campestris were estab- 
lished in detail by Humfeld (1948, 1950-1951), and 
Humfeld and Sugihara (1949, 1952), who were the first 
to achieve growth of the organism under submerged, 
aerated, and agitated conditions in a chemically defined 
medium. With glucose as the carbohydrate source 
and urea as the only nitrogen source, they determined 
that the presence of K, Mg, Ca, and trace amounts of 
Fe, Mn, Zn, and Cu were essential for optimum growth 
as well as the development of the typical or true mush- 
room flavor in the mycelium. The optimum pH for 
mycelial growth was established at 4.5, and Szuecs 
(1958) obtained good submerged growth and flavor by 
culturing A. campestris and other species in a yeast 
extract-corn syrup medium. 

Block et al. (1953) used a similar system for the sub- 
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merged growth of Agaricus blazei, an edible species 
native to the state of Florida which grows at a higher 
temperature than A. campestris. 

Reusser et al., (1958) compared the protein and fat 
content of mushrooms obtained by submerged culture 
of 10 strains, including 4 strains of A. campestris, on 
synthetic, molasses, and spent sulfite liquor media. 

In view of its culinary attributes, the mass culture of 
mushroom mycelium with a rich mushroom flavor and 
aroma would find potential application in food process- 
ing and consumer usage, such as soups, salads, gravies, 
sauces, eggs, snacks, and so forth. 


MATERIALS AND METHODS 
Cultural Methods 


A. campestris strain NRRL 2334, obtained from 
Benko (1957), was maintained on a stock culture 
medium of potato glucose agar slants, grown at 28 C 
for 5 days and stored cold. 

Inoculum was produced in 50-ml Erlenmeyer flasks 
containing 10-ml aliquots of 5.0 per cent malt syrup 
and 0.2 per cent agar plus 50 ppm of yeast extract 
solids at pH 5.0 to 5.5. A portion of the aerial mycelium 
of the stock culture was removed with a needle and 
transferred to the inoculating medium. The flasks were 
placed either on an oscillating water-bath shaker with 
l-in. stroke and 120 epm, and incubated at 27 C; or 
placed on the Burrell! wrist-action shaker. Under these 
conditions good growth was obtained in 5 to 7 days. 

The mycelium was transferred aseptically into a 
micro-Waring Blendor cup containing 90 ml of sterile 
distilled water and macerated for 30 sec at high speed. 
One ml of this suspension contained from 4 to 6 mg dry 
mycelium solids. 

The cultures were grown in 500-ml Erlenmeyer 
flasks containing 150 ml of medium shaken at 120 epm 
on the oscillating water bath shaker set with 1-in. 
stroke and incubated at 27 C for 7 days unless specified. 
Under these conditions the sulfite value was found to 
be 13 mm/O./L/hr. The media used in the different 
experiments are given in the text and the appropriate 
table. 

Final observations were made on scaled-up shaker 
fermentation experiments in a 1-gallon closed type New 
Brunswick? impeller fermentor. The working level of 
the liquid was adjusted to 2 L and the impeller speed 
set at 400 rpm. The air flow rate was adjusted to give 
13 mm/O2/L/hr. 


Analytical Methods 
Reducing sugars were determined by the Lane- 


Eynone (1923a, b; 1955) copper sulfate method. 
Mycelial weight was obtained by filtering the mash on 
1 Burrell Corporation, Pittsburgh, Pennsylvania. 


2New Brunswick Scientific Co., New Brunswick, New 
Jersey. 
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coarse filter paper, washing the mycelial pad with dis. 
tilled water, and drying at 60 C for 24 hr. 

Total nitrogen was determined by the macro-Kjeldah| 
method. Aliquots from the original medium and the 
combined filtrates and washings were used for the 
determination. The nitrogen content of the mycelium 
was determined on a weighed portion of the previously 
washed, wet mycelium, because during drying con- 
siderable loss of organic nitrogen occurs. 

Flavor evaluation was based upon the consensus opin- 
ion of a panel of tasters given the cold and boiled-in- 
water mycelium, with the raw and boiled shed-grown 
mushrooms serving as reference. 


RESULTS AND DiIscussION 


Growth response of A. campestris on cane molasses 
medium. In preliminary experiments using the chemi- 
cally defined medium of Humfeld (1952), the mycelium 
grew vigorously in a conjugated gelatinous mass of 
white mycelium which was flavorless and odorless, 
either in its fresh state or after heating to a boil. Similar 
results were obtained when it was grown in large ves- 
sels. It was noticed that a 4- to 5-day lag period existed 
before spontaneous growth of the organism took place; 
this resulted in an extended incubation period. The 
lack of the typical mushroom flavor and odor may be 
attributed to experimental conditions different from 
those used by Humfeld and Sugihara (1952), or to lack 
of certain metabolites. 

Consequently, the search was directed toward natu- 
ral culture materials. For practical purposes, cane 
molasses was the first to be tried. However, the re- 
covered mycelium was slightly tan and lacked the 
typical mushroom flavor and aroma. 

Effect of yeast extract solids on the flavor development. 
Cane molasses media with a reducing sugar concentra- 
tion of 3.63 g per flask were supplemented with 0.2 to 
0.4 per cent yeast extract solids. The results, table 1, 
indicate that the growth promoting effect of yeast 
extract solids increased the yield significantly from 7.02 
to 24.46 per cent, on a sugar basis. The benefit gained 
from doubling the yeast extract solids was negligible. 
The recovered mycelium had a faint mushroom odor 


TABLE 1 
Effect of yeast extract solids on the growth of Agaricus campestris 
| Nitrogen | 
Expt Wt of Dry Sugar Yield on. 
No. Mycelium Fermented* | Sugar Basis 
| Original Utilized 
| mg % g % | % 
1 | 950.75 15.7 0.2547 15.2 | 7.02 
| 78.75 | 38.4 | 0.8877 | 47.7 | 24.45 
3t | 106.75 | 45.1 0.9342 | 47.1 25.74 


* Reducing sugar content 3.63 g per flask. 
+ Plus 0.2 per cent yeast extract solids (Difco). 
t Plus 0.4 per cent yeast extract solids (Difeo). 
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and flavor which was intensified upon heating to boil- 
ing. 

Effect of malt syrup in the molasses medium on flavor. 
During the transfer of inoculating cultures, it was 
noticed that the mycelium grown on 5.0 per cent malt 
syrup agar had a strong mushroom odor. Similar im- 
provement was obtained when A. campestris was grown 
ina 50:50 malt syrup-molasses medium. 

The recovered mycelium weight was almost doubled 
in the culture having the higher sugar concentration, 
but on relative basis better growth occurred at the 
lower sugar level, table 2. These results confirm previous 
observations in this laboratory that, despite the initial 
long lag period for growth initiation in a medium with 
a high molar sugar concentration, the mycelium yield 
was almost double that grown under low molar con- 
centration after 7 days of incubation. 

Malt sprout extract as a basal medium for growing A. 
campestris. Because the use of malt syrup in a culture 
medium is rather costly, its replacement with a low 
cost equivalent was considered. 

Malt sprouts have been helpful in other fermenta- 
tations (Pan et al., 1940); their application here was 
indicated. An extract was prepared by suspending 1 
pound of the dry sprouts in 4 L of cold tap water and 
stirring for 14 hr. The temperature was raised gradually 
to 60 C and held for another 14 hr. Again the suspension 
was heated gradually to 88 C. The extract was sepa- 
rated by filtration through a double layer of cheese 
cloth, the final fraction being squeezed out with the 
aid of a hand press. The combined filtrates were centri- 
fuged for 20 min at 2000 rpm, the supernate mixed with 
filter aid and filtered on a Buchner funnel precoated 
with a thin layer of Celite. The final volume of the fil- 
trate was brought to the original 4 L. 
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Preliminary fermentation tests gave excellent growth 
response and flavor development. The recovered fresh 
mycelium had the musty odor typical of the, fresh, 
shed-grown mushrooms. This odor disappeared upon 
heating the mycelium (100 C) and was replaced by a 
sweet aromatic one, similar to that produced in cooked 
commercial mushrooms. 

Effect of sugar concentration on rate of growth. It has 
always been observed during this investigation that a 
long and undesirable lag period occurred whenever a 
medium containing 5 per cent sugar was used, which is 
contrary to the recommendations of Humfeld (1952). 
This extended delay was accompanied by poor perfor- 
mance as reflected in the poor sugar and_ nitrogen 
utilization rate, and low yields. 

Foster (1949) points out that all fungi have optimum 
sugar concentrations which, through osmotic effects or 
specific enzyme effects, are most favorable for consump- 
tion of the sugar. 

In determining this effect for A. campestris, the basal 
malt sprout extract medium was supplemented with 
0.1 per cent yeast extract solids, and the glucose con- 
centration ranged from 1.0 to 2.5 per cent. Evidence of 
growth appeared in all the flasks after 36 hr and the 
results, table 3, revealed maximum performance in the 
presence of 2.0 per cent sugar, as shown by the highest 
sugar and nitrogen utilization, 46 and 26.6 per cent, 
respectively, and the greatest dry matter yield (25.2 
per cent on sugar). All four samples of mycelia had the 
characteristic mushroom flavor and aroma either in the 
cold or boiled state. It was also observed that the 
intensity of the flavor was proportional to the initial 
sugar content of the media and to the metabolic activity 
of the organism. 

Effect of nitrogen on the metabolic efficiency of A. 


TABLE 2 
Growth of Agaricus campestris in molasses-malt syrup media 
Nitrogen Mycelium Sugar | 
Expt. Yield of Mycelium Sugar to Ni- 
on Sugar Basis trogen Ratio 
Original | Utilized Dry wt Relative growth Original Fermented | 
| | 
me | % | % % 
Control | 49.3 50.3 0.58 | 100 2.52 | 36.8 15.3 tis 
2" 49.3 44.5 0.51 88 2.52 33.4 13.5 77:1 
3*t 51.3 43.7 1 0.65 111 | 2.52 35.3 17.1 74:1 
4*tt 79.3 53.9 0.77 | 132 2.52 37.6 20.3 48:1 
Control 91.3 38.4 | 1.14 | 100 | 4.82 35.5 15.8 79:1 
6* 91.3 35.3 | 1.08 95 | 4.82 32.0 15.0 79:1- 
93.3 24.2 0.46 | 4.82 18.7 6.4 
S*F§ | 121.3 38.9 | 1.06 92 | 4.82 32.5 14.7 60:1 


| 


* Supplemented with: 10 mg ZnSO,-7H:O; 5.4 mg FeSO;,(NH,)SO,4-6H:O; 4 mg CuSO, anhydrous; 4 mg MnSO,-4H,0; 5 mg Bi; 
5 mg B2; and 5 mg pantothenic acid. 
t Plus 50 mg Ca** as CaCls and 38.5 mg (NH,)H2PO,. 
t Plus 0.2 per cent yeast extract solids (Difco). 
§ Plus 0.4 per cent yeast extract solids (Difco). 
| Contaminated. 
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campestris. Although the use of 2.0 per cent glucose 
improved the efficiency of sugar utilization, the yield of 
mycelium, calculated on sugar basis, was so low as to 
suggest an imbalance of nutrients in the medium. 
Therefore the nitrogen content was modified as a 
principal factor in the medium. 

Malt sprout extracts adjusted to nitrogen contents of 
103.2 and 68.8 mg per cent were prepared with 2.0 per 
cent glucose. This provided a carbohydrate to nitrogen 
ratio of 19:1 and 29:1, respectively. 

Substantial growth developed within 24 hr in the 
low nitrogen medium, but it took 48 hr for the growth 
to appear at the higher nitrogen level. Nevertheless, in 
each medium the growth was very dense after 72 hr. 

Typical results, table 4, emphasize the need for glu- 


TABLE 3 


Glucose concentration and the rate of growth of 
Agaricus campestris 


re * } Yield | pHof Sugar to 

Content | Utiieed | Myce jum mented 
| 

% % g | % % | 
1.0 | 10.9 | 0.1914; 20.7 12.8 | 5.40 | 4.3:1 
15 | 9.2 |0.1644| 12.4 | 7.3 | 5.40 | 6.5:1 
2.0 | 26.6 | 0.7547) 46.0 | 25.2 5.30 | 8.6:1 
2.5 | 19.4 0.5359) 25.0 14.3 5.15 | 10.321 


* Nitrogen content: 349.3 mg per flask. 


TABLE 4 


Effect of carbohydrate to nitrogen balance on the metabolism 
efficiency of Agaricus campestris 


Sugar to Nitrogen | Dry | Sugar pH Yield on 

itrogen | er —_________ ugar 

Ratio | original “| mented Initial Final | 
mg % | 

19:1 154.8 | 50.6 | 1.3370 100 5.45 | 4.55 44.6 

29:1 103.2 | 56.7 1.2635 | 100 | 5.45 4.40 42.1 


TABLE 5 
Effect of initial pH on the utilization of sugar and nitrogen 


| | 
itd Nitrogen* | Dry My- | Sugar Sugar to | Yield on - 
| tial 
% % g % | % 
3t 78.5 | 1.7600| 77.1 | 37:1 39.1 4.41 
4 76.1 1.7411 | 59.7 | 50:1 29.0 | 5.1 | 4.38 
74.9 | 1.6840 | 46.0 | 62:1 | 22.5 4.40 
| 

2 76.1 | 1.4240 | 100.0 25:1 | 47.5 4.53 
3 | 73.7 | 1.7299) 77.1 3721 | 38.4 4.62 
4 73.7 | 1.7490 | 59.3 50:1 29.2 | 7.5 | 4.60 
5 71.3 | 1.6134 | 48.8 | 62:1 21.5 4.60 


* Nitrogen content: 121.0 mg per flask. 
+ Culture grown in 2 per cent glucose was discarded due to 
bacterial contamination. 
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cose to nitrogen ratio of 20:1 to 30:1 for effective redue. 
tion of the lag period, maximum sugar consumption, 
and greatest yield. 

Under these optimum growth conditions, the re. 
covered mycelium had the best fresh or boiled mush- 
room flavor and aroma. 

Effect of pH. The results obtained in a malt sprout 
extract basal medium, table 5, show almost identical 
mycelial growth at both pH levels, indicating that the 
fungus can grow well over a wide range of pH. This 
effect is clearly demonstrated at both pH levels tested. 
The sugar content of the medium was raised from 2.0 
to 5.0 per cent with 1.0 per cent increment increases 
and the sugar to nitrogen ratio was raised from 28:1 to 
62:1. The yield, calculated on sugar basis, followed an 
inverse relationship to the carbohydrate to nitrogen 
ratio. 

It is also evident that the sugar content and the initial 
pH had little effect on the final pH, since the fermenta- 
tion was buffered at approximately 4.45. 

Optimum growth was achieved by A. campestris in 
media containing between 2.0 and 3.0 per cent or 23 
per cent glucose. On this basis the theoretical yield 
would range from 46.0 to 51.0 per cent. 


ACKNOWLEDGMENT 


The writer wishes to thank Dr. Henry J. Peppler for 
a critical review of the manuscript. 


SUMMARY 


Agaricus campestris strain NRRL 2334, grown in 
submerged culture, developed maximum flavor and 
aroma in the mycelium in a medium containing malt 
syrup and a trace of yeast extract solids. The same 
flavor improvement was obtained when extracts oi 
malt sprouts replaced malt syrup. Cane molasses was 
a poor medium for growth and development of the 
typical mushroom flavor in the mycelium. 

The carbohydrate to nitrogen balance of the medium 
was a major factor in fermentation efficiency. To 
shorten the lag period and induce spontaneous growth, 
this balance was found to fall between 20:1 and 30:1, 
and the optimum glucose content was found to be 2.) 
per cent. 

The initial pH of the medium was not critical to 
mycelium development. Growth began equally well al 
pH 5.0 or at pH 7.0. 

Mushroom flavor and aroma typical of the fresh 
commercial products appeared in the growing mycelium 
on the 5th day of growth in a malt sprout extract basal 
medium at pH 5.4. The sugar and nitrogen content 0 
the medium was 2.0 per cent and 133.0 mg per flask. 
respectively. 
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Ir your fermentation operation could 
benefit from a low-cost yeast nutrient, or 
if you have a process that needs a low- 
cost yeast nutrient to go into production, 
it will pay you to evaluate Vico’s yeast 
autolysates. 

Vico’s new line of six low-cost yeast ex- 
tracts for the Fermentation Industries are 
produced by autolysis (enzymatic hy- 
drolysis) of Brewers’ yeast and are under 
careful laboratory control to insure con- 
stant uniformity. Although Vico’s yeast 
autolysates are low-priced, they perform 
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initely without refrigeration. 


We will appreciate the opportunity to 
develop yeast nutrients to suit your 
special needs. Of course your inquiry puts 
you under no obligation. We’d like to hear 
from you. 


Samples; chemical, vitamin, amino acid and ash 
analyses; price list and examples of application 
of yeast extracts in industrial fermentations are 


available upon request. 
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